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Intellectual Property Piracy Bill Introduced

It is estimated that the U.S. economy loses between $200 and
$250 billion per year, and has lost 750,000 jobs, due to intellec-
tual property theft. Some estimates indicate that counterfeit and
pirated goods comprise 6 to 9% of all world trade, the bulk of
which violates the intellectual property rights of United States
businesses and entrepreneurs.

Designed to respond to this serious situation, H.R. 4279, the
Prioritizing Resources and Organization for Intellectual Prop-
erty Act of 2008 (PRO IP Act), would do the following:

a) Raise the profile of the intellectual property issue by des-
ignating a chief intellectual property enforcement officer within
the White House;

b) Raise anticounterfeiting and piracy responsibilities to sen-
ior levels at the Department of Justice and Department of Home-
land Security;

c) Create and implement a unified strategic plan for all rele-
vant agencies for consistent and targeted international outreach
and technical assistance, guided by the priorities identified by
the U.S. Trade Representative and with input from industry;

d) Provide treble damages against complicit activity relating
to counterfeiting and double the level of statutory damages avail-
able (unchanged since 1996); and

e) Authorize civil enforcement by federal prosecutors against
counterfeiters and commercial or high-volume pirates where
criminal prosecutions are not feasible.

Occupational Injuries May Be Underreported

The House Education and Labor Committee has issued a re-
port raising the possibility that workplace injuries reported to
the Occupational Safety and Health Administration (OSHA)
may not be an accurate reflection of the actual number of injuries
that occur.

According to the committee report, academic studies, media
reports, and worker testimony suggest that work-related injuries
and illnesses are significantly underreported. Experts have iden-
tified many reasons for possible underreporting, including the
severe disadvantages to employers if reported injuries are con-
sidered high, such as increased likelihood of being inspected by
OSHA; higher workers’ compensation insurance premiums; and
decreased chance of winning government contracts. Work-
related illnesses are difficult to identify, especially when there
are long periods between exposure and illness, or when work-
related illnesses are similar to other nonwork-related illnesses.

New STEM Legislation Projected

The recently introduced Enhancing Science, Technology, En-
gineering, and Mathematics (STEM) Education Act of 2008,
H.R. 6104, is intended to enhance the coordination of U.S. sci-
ence, technology, engineering, and mathematics education ini-
tiatives. This bill has the following four major components:

• Elevating the STEM Education Subcommittee at the Presi-
dent’s Office of Science Technology Policy, OSTP, to the stand-
ing committee level;

• Establishing an Assistant Secretary for STEM Education at
the U.S. Department of Education. This office would bring to-
gether the Department’s STEM education efforts and manage
programs such as Math and Science Partnerships and the Minor-
ity Science and Engineering Improvement Program;

• Creating the State Consortium on STEM Education. This

voluntary group, of at least five states from across the country,
would help align state STEM education efforts; and

• Establish the National STEM Education Research Reposi-
tory. This clearinghouse would be a portal to information about
all federally funded STEM education programs, making the re-
sults of the more than $3 billion the federal government spends
annually on STEM education available to local educators.

Mandatory E-Verify Use on Federal 
Contracts Proposed

A proposed rule has been issued by the Civilian Agency Ac-
quisition Council and the Defense Acquisition Regulations Coun-
cil to change from voluntary to mandatory the use of E-Verify by
contractors and subcontractors that perform work on the federal
government’s domestic construction projects. E-Verify is an 
Internet-based system for submitting employees’ names, dates of
birth, and Social Security numbers to check against federal data-
bases for work authorization purposes. The average cost for a
contractor with 50 employees to participate in E-Verify for the
first year is estimated at approximately $1200.

Commerce Department Highlights Exports

According to the U.S. Department of Commerce’s Census
Bureau and the U.S. Bureau of Economic Analysis, exports have
increased 18.2% to $609.8 billion year to date. Imports have also
been on the rise, gaining 11.9% to $845.6 billion with the trade
deficit narrowing 1.7% during the same period. At this pace, ex-
ports could surpass the record-breaking numbers set in 2007.
And even though the trade deficit overall remains large, more
than one-half is attributable to oil.

Sarbanes Oxley Section 404 Requirements
Delayed for Small Businesses

The Securities and Exchange Commission has adopted a one-
year extension of the compliance date for smaller public compa-
nies to meet the auditor attestation requirement of Section 404(b)
of the Sarbanes-Oxley Act, meaning that smaller companies will
be required to start providing an attestation report in their an-
nual reports in fiscal years ending on or after December 19, 2009. 

Last Piece of New Lobbying Law Now Effective

The Honest Leadership and Open Government Act was en-
acted in late 2007 to bring greater transparency and openness to
federal lobbying. One of the key components of that legislation
is also the last to come into effect. As of July 2008, for the first
time ever, registered lobbyists must disclose their own personal
politicial activity — not just that of their clients. Disclosures must
be made not only of direct contributions to the campaigns of can-
didates, but also contributions to quasi-political causes and
events, such as dinners honoring candidates, charities controlled
by candidates, payments to relatives of candidates, presidential
libraries, etc. It is these kinds of transactions that can forge a
quid pro quo relationship between lobbyists and office holder or
candidates but until now have existed under the radar. ♦

WASHINGTON
WATCHWORD
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Contact the AWS Washington Government Affairs Office at 
1747 Pennsylvania Ave. NW, Washington, DC 20006; e-mail 
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PRESS TIME
NEWS

University of Akron Receives $500,000 from Dept. of
Defense for Corrosion Engineering Program

A proposed new corrosion engineering program from The University of Akron (UA),
Ohio — believed by the college to be the first bachelor’s degree program of its kind in
the United States — is moving closer to development due to $500,000 in funding from
the U.S. Department of Defense (DoD).

The certification courses and associate degree program will be delivered from UA’s
new Medina County University Center, and the bachelor of science degree will be housed
in the College of Engineering. To complement this project, funding for a new Corrosion
Sciences Lab is being explored.

There are many reasons for establishing an undergraduate corrosion engineering de-
gree at UA, especially the opportunities to deliver courses via distance learning tech-
nologies, according to Dr. George Haritos, dean of the College of Engineering. “First,
there is a national economic imperative for effectively reducing the costs of corrosion to
our nation’s public and private entities and infrastructure,” Haritos said. “Second, there
is a national security mandate to address the impact of corrosion on military assets. Fi-
nally, there is a gap in the academic training of engineers who are qualified to address
the complex nature of corrosion prevention and mitigation.”

Director Dan Dunmire of the DoD’s Office of Corrosion Policy and Oversight added,
“Because The University of Akron is part of a multiuniversity research and develop-
ment collaboration addressing Department of Defense corrosion requirements, the
DoD is excited about the university’s new program, which will not only help the Execu-
tive Branch but the nation as well.”

The funding was given to the university recently in a check-presentation ceremony.
Among the attendees were delegates from the DoD’s Office of Corrosion Policy and
Oversight along with school officials. While on campus, the DoD representatives took
tours of UA’s College of Engineering and College of Polymer Science and Polymer En-
gineering, and conducted curriculum discussions with UA faculty and deans.

California Dept. of Corrections and Rehabilitation Uses
Virtual-Reality Welding Systems for Vocational Training

The California Department of Corrections and Rehabilitation (CDCR) recently pur-
chased 20 SimWelder™ virtual-reality units from SGI and VRSim, an SGI® channel
partner. Inmates throughout the state will learn a variety of welding skills that will help
them to secure jobs upon release. SGI Professional Services delivered the units in Janu-
ary. The virtual-reality welding programs, with 27 students per class, will begin soon at
20 separate sites.

Using SimWelder, students enter an interactive virtual environment that merges com-
puter-generated data with physical props. By simulating welding, no gas is burned, no
metal is consumed, and no waste is created. It also augments traditional training meth-
ods by providing more passes to students and giving instructors objective feedback.

VRSim personnel trained CDCR’s welding instructors, giving direction and detailed
instructions on how to assemble the machines, load the software, and run the calibra-
tions. James Bruce, vocational vice principal, CDCR, expects the units will ultimately
result in more students qualified to the requirements of the various American Welding
Society codes prior to their release.

Hobart Institute of Welding Technology Expands
Training Area

Hobart Institute of Welding Technology, Troy, Ohio, has responded to the need for
trained welders by adding 8000 sq ft of training area to include two additional, large
classrooms and lab space equipped with the latest technology.

Enrollment has doubled at the Institute during the last three years, necessitating a
second shift to be added during the 2007–08 school year, and accelerated the need for
additional space to accommodate 75 more students. Also, it is expected that these new
classrooms will defer the need for a second shift in the immediate future.

This new area is set to open with the start of training on August 4 and will house
courses for Welding Technology and Blueprint Reading along with Oxyacetylene Weld-
ing. Pipe layout for fitters and welders will be presented in this part of the facility as
well.
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EDITORIAL

If it’s true that you’re known by the company you keep, then I’m quite lucky because
I’m in with some very fine company indeed. I was recently honored with a promotion to
the position of editor of the Welding Journal. That places me among a surprisingly small
group of individuals who have led the editorial direction of this publication; I’m the eighth
person to hold the title of Welding Journal editor. Such a small number is practically
unheard of in the publishing world for a magazine that’s been around as long as this one
has — the Welding Journal has been published continuously since January 1922.

Let me tell you a little bit about the gentlemen who have preceded me in this position.
William Spraragen (Jan. 1922 to Dec. 1954) — A founding member of the American

Welding Society, Spraragen served as the Welding Journal editor for an astounding 33
years. Under his leadership, the magazine grew both in size and stature. The Welding
Research Supplement section was added during those years. The Society honors him
today by awarding the William Spraragen Memorial Award, which is presented for the
best paper published each year in the Research Supplement section.

Bonney E. Rossi (Jan. 1955 to Sept. 1960) — One of Spraragen’s protegés, Rossi was
a licensed Professional Engineer, a lecturer on welding engineering, and the author of
several welding-related books. He first became involved with the Welding Journal as a
part-time assistant editor in October 1951 while serving as executive secretary to the
Pressure Vessel Research Committee of the Welding Research Council.

Theodore P. Schoonmaker (Oct. 1960 to Aug. 1971 and Jan. 1977 to Dec. 1981) — Ted
Schoonmaker came to the Journal from the Linde Co., where he was technical informa-
tion administrator for the Development Laboratory. During World War II, he saw early
action with the Army Air Corps over the Middle East before being shot down over
Naples, Italy, in 1943. He spent the rest of the war in Italian and German prison camps.
After the war, he earned a degree in chemistry from Harvard. Schoonmaker’s second
stint as Welding Journal editor began with the introduction of a new full-color cover.

Fred L. Siegrist (Sept. 1971 to June 1972) — Siegrist had more than 20 years of expe-
rience in the metalworking and fabricating industries before joining the Welding Journal.
He had also been an associate editor of two other magazines before coming to AWS.

Carl H. Willer (July 1972 to Dec. 1976) — Willer, as he explained in his farewell edi-
torial, spent “23 years in welded plate fabrication and 17 trying to explain what it’s all
about.” His four years as editor saw the introduction of modernized typefaces and for-
mat and the addition of some new departments.

Jeff Weber (Jan. 1982 to May 1996) — Currently Publisher Emeritus of the Welding
Journal and an Associate Executive Director of AWS, Weber joined the Journal in 1977 as
an assistant editor after having spent time at another welding magazine. During his tenure
as editor, the Welding Journal moved into desktop publishing and ever-greater use of color.

Andrew Cullison (June 1996 to May 2008) — Cullison remains the magazine’s publish-
er and will continue to oversee the Welding Journal, Inspection Trends, and the Welding
Handbook. He came to the magazine from Alloy Rods in 1985 as technical editor. Among
his accomplishments are the introductions of two new question-and-answer columns to the
magazine, the American Welder Supplement, and twice-yearly issues dedicated to brazing
and soldering, as well as digital archiving of every issue of the magazine since its inception.

I have been privileged to have worked for two of these men and to have known a
third. In this new position, I will be even more involved than I have in the past in article
selection and in directing the editorial content of the magazine. These seven individuals
left an imprint on this magazine, and while it is too soon to know what mark I may leave,
I can tell you I never want to see the “dumbing down” of the Welding Journal. There are

those who consider the magazine too technical, while
others consider it not technical enough. I believe
there’s value in research-oriented individuals reading
about what’s happening in the industry on a day-to-day
basis and feel that those with a hands-on bent should
reach beyond their everyday experience. After all,
what is experimental today may be commonplace
tomorrow. The AWS membership possesses a wide
variety of interests and needs, and I think the pages of
this magazine should reflect those interests and needs. 
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NEWS OF THE
INDUSTRY

Navy Metalworking Center Implementing
Project for T-Beams

The Navy Metalworking Center, Johnstown, Pa., is executing
a Navy ManTech project that will develop techniques for produc-
tion of HSLA-80 T-beams for applications on Class DDG 1000
ships.

The organization will work with Applied Thermal Sciences,
Bath Iron Works (BIW), and the DDG 1000 Program Office to
carry out “Improved HSLA-80 T-Beams.” This 20-month project
will reduce production and assembly costs of T-beams on DDG
1000 as well as improve beam quality. Additional members of
the team include Northrop Grumman Shipbuilding-Gulf Coast,
Northrop Grumman Shipbuilding-Newport News, Naval Sea Sys-
tems Command (NAVSEA), and Naval Surface Warfare Center,
Carderock Division.

A weld qualification document for beams laser welded with
HSLA-80 will be developed by this project. The document will
be submitted to NAVSEA and PMS 500 for approval prior to
BIW using laser-welded beams for ship construction.

Bug-O Systems International Opens 
Manufacturing Complex

Bug-O Systems International, a manufacturer of portable
welding and cutting automation equipment, has opened a new
30,000-sq-ft office and manufacturing complex. This facility is
located in the Southpointe Industrial Park near Canonsburg, Pa.
It will produce the Bug-O Systems and Cypress Welding Equip-
ment product lines as well as house a research and engineering
department. Included is a sales department with a training area
comprised of a classroom and hands-on welding lab.

Plus, the company has purchased a new 10,000-sq-ft building
also located in Southpointe Industrial Park that will house cor-
porate offices.

FANUC Robotics Names Lincoln Electric
Preferred Welding Power Source in Asia

The Lincoln Electric Co., Cleveland, Ohio, has been named the
preferred supplier of welding power sources to Asian customers of
FANUC Ltd., a supplier of industrial robots. The above picture
shows an aluminum robotic welding arm in action. Also, in con-
junction with the agreement, Lincoln Electric is investing more than
$40 million into a new 115,000-sq-ft facility in Euclid, Ohio, fo-
cused on the research and development of robotic welding systems
and technology for worldwide distribution. The Robotic Welding
Center will be housed in a facility adjacent to the company’s 
headquarters.

TRUMPF Opens New Laser Factory in Connecticut
TRUMPF Inc., Farmington, Conn., recently celebrated the

grand opening of the Laser Innovation & Technical Excellence
Building. More than 400 people participated in the ribbon-
cutting ceremony attended by Connecticut Governor Jodi Rell,
Lieutenant Governor Michael Fedele, company officials, repre-
sentatives of national, state, and local government as well as nu-
merous customers and employees.

The facility will add 86,000 sq ft to its existing campus. Also,
the building will feature a new 55,200-sq-ft production hall and
a 6000-sq-ft, Class 10,000 cleanroom designed for the manufac-
turing and testing of CO2 and solid-state laser resonators. A
laser research lab and laser development department will be
dedicated to the creation of laser products. In addition, the build-
ing will house the company’s laser marking application and sales
group, and give the information technologies department a
larger area for a server room.

Staffing the facility will be approximately 120 employees.
This $29 million project began in the fall of 2006 and con-

struction was completed in early April 2008. It is expected move
in will be complete and production underway by this summer.

Present at the company’s ribbon-cutting ceremony for its laser
building (from left) are Peter Leibinger, vice chairman of the man-
aging board, head of the Laser Technology and Electronic Divi-
sion, TRUMPF GmbH + Co. KG; Connecticut Governor Jodi
Rell; and Rolf Biekert, president and CEO, TRUMPF Inc.
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RathGibson Installs ‘Green’ Cleaning
System

RathGibson, Lincolnshire, Ill., recently completed a large capital
project in its Clarksville, Ark., facility. The equipment (as seen in
the image) will be used for in-process cleaning of seamless tubing; it
was chosen for its economic and environmental benefits. The com-
pany has installed this closed cleaning system utilizing vacuum tech-
nology to prevent solvent release into the atmosphere. In addition to
the reduction of emissions, the system cleans or recovers the solvent
to increase its cleaning and drying properties as well. “At a cost of
$1.7 million, this degreaser is one of the world’s largest systems of
its kind,” said Dave O’Donnell, director, process and product 
development.
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Koike Aronson Laser Cutting Machine
Providing Service at Steel Fabricator

Koike Aronson/Ransome, Inc., Arcade, N.Y., a manufacturer of cut-
ting and positioning equipment for the metalworking industry, re-
ports that one of its Lasertex CO2 laser cutting machines (shown in
the photograph) has now been in service for six months at Vicon
Fabricating Co., a provider of steel fabrication to a range of indus-
trial and original equipment manufacturers. The model features a
Yasukawa/Siemens controller, a TRUMPF 6-kW laser resonator,
and Koike’s Sigmabox design, which seals the laser beam’s path,
keeping airborne particulates away from laser mirror surfaces. The
effective cutting width of the Lasertex is 11.5 ft; effective cutting
length is 56 ft. Cutting thicknesses range from 1⁄8 to 1 in. on mild steel
and 1⁄16 to 5⁄8 in. on stainless steel units, which are also available in 
2-, 4-, and 6-kW power levels, and can operate unmanned on mul-
tiple plates.

Cee Kay Supply Celebrates 60 Years in
Business, Gives Back to the Community

Cee Kay Supply, Inc., St. Louis, Mo., a locally owned gas and
welding distributor with eight locations in Missouri and Illinois,
is celebrating its 60th anniversary in 2008. And, throughout the
year, the company has developed a plan to give back to the com-
munity by donating a total of $60,000 in increments of $5000 per
month to 12 local charities. Suggestions from management and
employees will assist in determining the organizations receiving
donations.

A list of the winners chosen from January to June is as fol-
lows: The BackStoppers; Habitat for Humanity; Nurses for New-
borns; Muscular Dystrophy Association; The Agape House; and
Susan G. Komen – Race for the Cure.

SolidWorks Corp. Joins with Fabricators &
Manufacturers Association Foundation

SolidWorks Corp., Concord, Mass., is partnering with the Fab-
ricators & Manufacturers Association Foundation (FMAF) to
support summer manufacturing camps and student scholarships
that promote careers in manufacturing.

The company will donate 150-day limited licenses of its Stu-
dent Design Kit CAD software to 750 students and teachers in-
volved in 26 summer manufacturing camps taking place this sum-
mer. The FMAF and the Nuts, Bolts Thingamajigs Foundation
partner annually to support not-for-profit organizations and ed-
ucational institutions across the country that offer overnight or
day camp experiences that introduce young people ages 12–16
to careers in manufacturing and engineering.

Additionally, SolidWorks will provide the full licensed 
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version of its software program to every FMAF student scholar-
ship winner and contribute money to help underwrite a portion
of up to 32 student scholarships.

Northwest Pipe Co. Expands in Houston

Northwest Pipe Co., Vancouver, Wash., plans to construct a
new tubular products pipe manufacturing facility in the Hous-
ton, Tex., area. It is finalizing site location and permitting issues,
and expects to begin construction this summer. Also, the com-
pany anticipates this facility to begin operations by April 2009. A
focus will be on producing casing pipe for the Oil Country Tubu-
lar Goods market.

While this will be a new facility, Northwest already has the
necessary equipment located in Portland, Ore. “We will redeploy
a complete and recently modernized production line to address
this market. Its capabilities are 2 to 7 in. in diameter with wall
thicknesses up to 0.375 in.,” said Brian W. Dunham, CEO and
president of the company.

Industry Notes

• Three UK companies have been acquired by Bodycote —
Plasma & Thermal Coatings Ltd., Greenhey Engineering Serv-
ices, and NPE Innotek Ltd. They join the Metallurgical Coat-
ings division of the company’s Thermal Processing Group.

• AXIS Inspection Group Ltd., Winnipeg, Manitoba, Canada,
has opened a Canadian Welding Bureau (CWB) authorized
Welder Test Centre. This offers CWB welder certification in
SMAW, FCAW/MCAW, and GMAW processes.

• ESAB Welding & Cutting Products, Florence, S.C., will be the
sole supplier of welding and cutting equipment to Ranken
Technical College, St. Louis, Mo., for the refurbishment of its
Welding Technology Lab.

• Deloro Stellite Group Inc. recently announced its Canadian
division, Deloro Stellite Inc., has purchased Plasmatec Inc., a
Montreal-based company specializing in thermal spray coat-
ings, abrasive powder manufacturing, and the distribution of
thermal spray materials and equipment.

• Induction Atmospheres, a manufacturer and system integrator
of customized industrial heating equipment, has moved to a
19,000-sq-ft facility in Rochester, N.Y.

• This year marks the 25th anniversary of Abbott Furnace Co., St.
Marys, Pa., a manufacturer of continuous belt industrial furnaces.

• Bekaert and Sulzer (Switzerland) intend to sign a takeover
agreement for NV Bekaert SA’s Diamond-like Carbon coating
activities. This is part of Bekaert’s advanced coatings segment.

• The DELMIA V5 Robotics solution from Dassault Systèmes,
Auburn Hills, Mich., has been selected by Gillett Evernham
Motorsports for its 3D welding simulation tool.

• A lift truck designer and manufacturer, Hyster Co. of
Greenville, N.C., and VBS Inc. Material Handling Equipment
recently celebrated the 60th anniversary of their partnership.

• Hypertherm, Hanover, N.H., has acquired Italy-based ESSE
A Srl., a manufacturer and supplier of laser consumables and
accessories. It does not plan significant changes to operations.

• Mitsubishi Power Systems Americas, Inc., Orlando, Fla., has
purchased a dual-capacity, multiaxis Laser Powder Fusion
Welding system from Huffman Corp., Clover, S.C.◆
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POINT OF
VIEW

It is no secret that the shortage of
welders across the country is real. Manu-
facturers, distributors, fabricating compa-
nies, and trade schools have been talking
about the problem for some time. In 2006,
The Wall Street Journal carried a feature
story called “Where Have all the Welders
Gone as Manufacturing and Repair
Boom?” Several American Welding Soci-
ety (AWS) staff members worked with The
WSJ to help develop the article, provid-
ing background information, industry con-
tacts, and helping the writers and editors
understand the essential role of welding
personnel in many areas of manufactur-
ing and construction.

According to the U.S. Department of
Labor’s Bureau of Labor Statistics, the
number of jobs in the welding, soldering,
and brazing fields will increase 5% over
the next decade. The problems are that

the number of trained welders available
has dropped 10% in the last 10 years and
that the average age of a skilled welder in
today’s workforce is 55 years old. 

The aging of the workforce isn’t the
only issue contributing to the labor short-
fall. The continuous glamorization of
other professions has led to a decline in
trade school enrollment, specifically for
skilled labors such as welding. Today’s
youth are being drawn toward other ca-
reers. If we want to attract potential
welders to our industry, we have to com-
pete in terms of economics and image.

There is another factor that has an im-
pact on the U.S. shortage of welders.
With China, Mexico, and other countries
experiencing manufacturing booms,
skilled welders are being recruited to
these markets, as well. This translates to
even more competition for skilled

welders in the United States.
Acknowledging a problem is the first

step to fixing it. After that, however, the or-
ganizations that will be most affected by the
welder shortage need to seriously commit
to figuring out how to solve the problem. 

Joining Forces to Tackle
the Problem

AWS, along with the Society of Manu-
facturing Engineers (SME) and Fabricat-
ing & Manufacturers Association (FMA),
have a shared mission of advancing the in-
dustry in myriad ways, including the spon-
soring of tradeshows, training, certifica-
tion, and promotion. Other professional
organizations such as the Gases and Weld-
ing Distributors Association (GAWDA)
are working hard to promote the safety
and economic vitality of the welding in-
dustry from the distribution side. Work-
ing with their memberships, these organi-
zations are reaching out to manufactur-
ers and end-users to gain insight about
what can be done.

When we talk about the future of weld-
ing, certainly we can’t underestimate the
critical importance of the work that is
being done by the likes of The Ohio State
University, Ferris State University, Le-
Tourneau University, Hobart Institute of
Welding Technology, Edison Welding In-
stitute, and many other fine schools and
institutions. They are turning out future
generations of welders, and industrial,
welding, and systems engineers. They are
producing our skilled labor force and our
researchers and developers. There are lit-
erally thousands of places to pursue weld-
ing as a career choice. Furthermore, labor
organizations such as the Pipefitters
Union contribute countless hours to con-
tinuing education of welders. The knowl-
edge, skills, and attitudes that are gained
at these institutions make welders ex-
tremely attractive employees. 

Many manufacturers and individual
companies are working with these
schools and associations in terms of
training these future welders and engi-
neers. Their members and employees
travel throughout the country sharing
techniques and technology. They donate
their time and equipment to improve the

The Welder Shortage: 
What We’ve Done and What We Can Do
BY WES MORGAN
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future of the welding profession.
These groups also sponsor scholarships

for our future welders. Young people and
older adults looking to change careers very
often need financial assistance. While more
funding is becoming available to these stu-
dents, certainly more scholarships would
help to recruit even more welders.

Several groups are doing their part to
encourage teens to consider careers in
welding. SkillsUSA is a partnership of stu-
dents, teachers, and industry leaders
working together to ensure America has
a skilled welding work force. It has 13,000
school chapters, and more than 14,500 in-
structors and administrators are profes-
sional members. Recognizing the need to
further develop the skills of young welders
and to offer financial assistance, Skills-
USA and others hold welding competi-
tions that are fun and challenging.

Accentuating the Positive

In the past couple of decades, many
people seem to consider welding to be a
dirty, physically demanding job, and an in-
dustry that didn’t have much of a future.
In reality, while welding can be challeng-
ing, companies are increasing salaries and
perks to attract skilled workers. And as
indicated by the U.S. Department of
Labor’s statistics, the future is very prom-
ising for skilled welders. We need to do a
better job of publicizing these benefits.

We also need to continue to support
— and promote — the schools that have
done such a good job of providing us with
qualified welders and welding engineers.
As many students as there are who are
constantly out looking for financial sup-
port, there are just as many who aren’t
aware it exists in many skilled labor pro-
fessions like welding. Providing scholar-
ships is not only a way to get more poten-
tial welders into the field but a way to pos-
itively promote the industry as a whole. 

We need to continually challenge our-
selves to provide technologies such as au-
tomation and digital pulse welding that can
create more diverse jobs within the profes-
sion as well as show the advancement of the
field. The advancements also create new
learning and teaching opportunities for ex-
isting welders and welding engineers.

Improving the Image of the
Welding Industry 

Since 2006, Thermadyne has dedicated
a fair portion of its advertising dollars to
the development of ads featuring welders,
fabricators, and metalworkers. The cam-
paign singles out individual careers of
skilled craftspeople and illustrates the di-
versity of individuals in these professions.
These unsung heroes deserve to be rec-
ognized and celebrated. 

It makes sense to celebrate the skills

and abilities of welders for the vast con-
tributions they make to the fields of man-
ufacturing; mining; commercial construc-
tion; emergency rescue; energy; health-
care; public works; heating, ventilation,
air conditioning, and refrigeration;
agribusiness; shipbuilding; aerospace; au-
tomotive; fine art; and practically every
vital aspect of American life.

Conclusion

Tremendous advances have been made
since the earliest examples of welding from
the Bronze Age. The Middle Ages intro-
duced the world to forge welding. The in-
dustrialization that occurred in the 20th
century brought about unimaginable weld-
ing processes that revolutionized the world.
Today our researchers and engineers con-
tinue to invent technology that can improve
our industry and commerce, but we must
have the skilled labor force to reach our
maximum potential. By introducing new
ideas and taking more active measures to
advance the cause, we can pass the torch
from one generation of bright, innovative
welders to another.◆
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WES MORGAN (Contact him at
wes_morgan@thermadyne.com) is global
communications director, Thermadyne In-
dustries, St. Louis, Mo.
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ALUMINUM
Q&A BY TONY ANDERSON

Q: I was informed that some years ago
there was a significant problem associ-
ated with the aluminum Alloy 5083 that
was used for the manufacturing of some
large boats that were fabricated in the
Washington state vicinity. The 5083 alu-
minum alloy that was used for the fabri-
cation of these boats was not suitable for
marine applications, causing corrosion
and fracturing in the material after weld-
ing and when in service. What exactly was
the problem with the aluminum and how
can a manufacturer of aluminum boats
be assured that they are using the correct
aluminum alloy in marine applications
so that this problem will not arise again?

A: I think I am aware of the problem that
you are referring to, and believe that I may
have information about specific actions
that were taken in an attempt to prevent
its reoccurrence.

The Problem

Around 2002, I was visiting a number
of ship and boat building manufacturers
in and around the Puget Sound area of
Washington state. It was there that I came
across a number of aluminum vessels that
had been found to have discontinuities in
the base metal, typically at the edge of
welds in and around the heat-affected
zone. I actually inspected some of these
vessels and found surface pitting and cres-
cent-shaped cracks near some welds on
their hulls. At the time of inspection, I
was unaware of what was causing this
problem, so after my visit, I immediately
contacted a colleague from an aluminum
manufacturer to discuss the situation. I
was informed that some 5083-H321 cold-
rolled aluminum plate that was not guar-
anteed for marine application by the man-
ufacturer had been used for the construc-
tion of the vessels I had inspected, and I
was directed to a report issued by the U.S.
Coast Guard that contained questions
and answers specifically addressing this
problem.

In summary, this report reflected the
following: The 5083-H321 temper mate-
rial can be produced using a variety of mill
processes. In the case of the 5083-H321
material in question, it was produced
using a nonmarine process that made it
susceptible to intergranular corrosion.
This corrosion occurs as a result of expos-
ing the material to corrosive environments
such as saltwater. The saltwater attacks
certain sensitized areas at the aluminum
grain boundaries, and can result in pitting
and/or cracking. It also stated that the

-H3XX tempers should be considered for
marine applications only if both the indi-
vidual producer is qualified and approved
by the marine classification organization,
and the producer certifies that the partic-
ular product (aluminum plate) is suitable
for the intended use (marine application).
In an attempt to prevent further situations
of this kind, at the time of this report (Oc-
tober 2002), the Aluminum Association
Task Group on Marine Alloys was work-
ing on a draft specification that was sub-
mitted to the American Society for 
Testing and Materials (ASTM) for further
development.

The Action Taken to Prevent
Reoccurrence

The predominant action to prevent the
reoccurrence of this type of problem was
from the development and introduction
of the ASTM document designation:
B928/B928M, Standard Specification for
High Magnesium Aluminum-Alloy Sheet
and Plate for Marine Service and Similar
Environments. The B928/B928M docu-
ment was originally approved in 2003 and
the latest edition was approved in May
2007.

I consider this standard specification
to be very important to the manufactur-
ing environment that is involved in the
fabrication of aluminum products used in
marine applications or similar environ-
ments. Material used for these applica-
tions should be specifically required to
meet the requirements of this specifica-
tion. The specification contains the chem-
ical composition limits and minimum me-

chanical property limits for 5059, 5083,
5086, 5383, and 5456 in the H116 and the
H321 tempers. The standard provides
some excellent definitions of some of the
terms used in its text; these appear in sec-
tion three terminology:
• Exfoliation — Corrosion that proceeds

laterally from the site of initiation along
planes parallel to the original rolling
surface, generally at the grain bound-
aries, forming corrosion products that
force metal away from the body of 
the material, giving rise to a layered 
appearance.

• Intergranular corrosion — Corrosion
that preferentially occurs at, or adja-
cent to, the grain boundaries of a metal
or alloy.

• Sensitization — The development of a
continuous or nearly continuous
boundary precipitate in 5xxx alloy tem-
per material, which causes the material
to be susceptible to intergranular forms
of corrosion.

• Stress-corrosion cracking — A crack-
ing process that requires the simultane-
ous action of a corrodent and sustained
tensile stress. (This excludes corrosion-
reduced sections, which fail by fast frac-
ture. It also excludes intercrystalline or
transcrystalline corrosion, which can
disintegrate an alloy without either ap-
plied or residual stress.)
The standard explains that the alu-

minum-magnesium alloy products that
have a continuous or nearly continuous
grain boundary precipitate are suscepti-
ble to intergranular forms of corrosion
(that is intergranular corrosion, stress-
corrosion cracking, or exfoliation corro-
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Fig. 1 — Corrosion morphology illustrations formed by test method G67. A and B exhibit
general corrosion and pitting corrosion attack; C and D display intergranular attack.
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sion) and provides examples of varying
degrees of grain boundary precipitate. It
explains how the term “sensitization” is
used to describe the development of a sus-
ceptible microstructure and how the ex-
tent of corrosion that will occur is de-
pendent on the degree of continuity of the
grain boundary precipitation and the cor-
rosiveness of the environment. It also ex-
plains how 5xxx alloys that have been sen-
sitized are susceptible to intergranular
corrosion, and when subjected to sus-
tained tensile stress, may exhibit inter-
granular stress-corrosion cracking. Per-
haps the most significant section of the
specification addresses the testing of ma-
terials to determine if the loss of mass ex-
perienced after accelerated corrosion
testing is a result of intergranular attack
or general corrosion and pitting attack —
see examples shown in Fig. 1.

ASTM B928/B928M requires that ma-
terial is tested in accordance with the re-
quirements of ASTM G66 -99(2005) Stan-
dard Test Method for Visual Assessment of
Exfoliation Corrosion Susceptibility of
5XXX Series Aluminum Alloys (ASSET
Test) and ASTM G67 - 04 Standard Test
Method for Determining the Susceptibility
to Intergranular Corrosion of 5XXX Series

Aluminum Alloys by Mass Loss After Ex-
posure to Nitric Acid (NAMLT Test).

One other action that was taken di-
rectly related to this same problem was a
change to the American National Stan-
dards Institute (ANSI) H35.1/H35.1M-
2006 American National Standard Alloy
and Temper Designation Systems for Alu-
minum. The H116 and H321 temper des-
ignations were redefined to identify that
these tempers are only assigned for
wrought products in the 5xxx series of
which the magnesium content is 3% nom-
inal or more. That they are suitable for
continuous service temperature no
greater than 150°F (66°C) and that there
is a requirement for these alloy tempers
to meet specified levels of corrosion re-
sistance in accelerated type corrosion tests
including tests for both intergranular and
exfoliation corrosion.

Conclusion

When procuring 5xxx series aluminum
alloys for marine applications, verify that
they are ordered to the correct temper and
that they are manufactured and tested in
accordance with the requirements of
ASTM B928/B928M.◆

Reference

I would like to thank the ASTM for al-
lowing me to use some of its material in-
cluding the pictures in Fig. 1. Reprinted,
with permission, from B928/B928M - 07
Standard Specification for High Magnesium
Aluminum-Alloy Sheet and Plate for Ma-
rine Service and Similar Environments,
copyright ASTM International, 100 Barr
Harbor Dr., West Conshohocken, PA
19428.
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•Safe and Cost Effective Solutions • Improve Equipment Reliability
• Minimize Downtime • Reduce Operating Risk

Control Corrosion, Abrasion 
and Erosion

Control Corrosion, Abrasion 
and Erosion

Nooter’s trained field service crews travel to
your facility and apply thermal spray coatings 
in place reducing equipment downtime. 

Using specialized twin wire electric arc systems,
coupled with proprietary wire products, NCC
provides a process to protect or repair compo-
nents or equipment subject to severe corrosive,
erosive or abrasive environments, including
those operating at high temperatures.

Our thermal spray solutions are tailor made 
for field applications in petroleum and chemical
refining, fossil and hydro power, pulp & paper,
mining and related heavy industries.

Save time. 
Reduce Costs. 

Improve Asset Performance.
Call our team to discuss your specific requirements or visit
our website to learn more about thermal spray solutions.

Nooter Construction Co.
(215) 638-7474 Phildelphia, PA
(314) 421-7600 St. Louis, MO
thermalspray@nooter.com
www.nooterconstruction.com
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NEW
PRODUCTS

Base Coating Improves
Adhesion of Sprayed
Materials

Alodine® EC2™ ElectroCeramic
Coating, based on titanium electrode-
posited oxides, provides chemical, corro-
sion, temperature, and abrasion resist-
ance. It also extends the life of parts ex-
posed to harsh operating conditions. The
product readily coats aluminum, alu-
minum alloys, titanium, and titanium al-
loys, as well as aluminized, aluminum-
plated, and IVD aluminum substrates.
Plus, the coating is flexible despite a hard-
ness of 800 Vickers, and offers a suitable
base for thermal sprayed coatings, paints,
adhesives, and sealants.

Henkel Corp.
www.henkelec2.com
(866) 332-7024

Abrasive Belts Provide 
Finish for Thermal 
Sprayed Parts

The 3M™ Trizact™ Diamond Cloth
Belts 663FC combine the ability to pre-
dictably produce accurate part geometry
traditionally associated with bonded
wheels with the easy use, speed, and fin-
ish consistency of the company’s abrasive
belts. They are designed for use on hard-
to-grind materials, including thermal
spray coatings (HVOF, ceramic, carbide)
and chilled iron. Also, they are con-
structed with diamond-filled, three-
dimensional structures, which are bonded
to a durable, waterproof cloth backing. As
the structures wear, fresh abrasive is con-
tinually exposed to the workpiece; this re-
sults in a more consistant, predictable cut

throughout the belt’s life. They are avail-
able in grades 70μ, 40μ, and 20μ.

3M
www.3m.com/industrial
(866) 279-1235

Thermal Sprayer Reduces
Dust and Fume Levels

LINSPRAY® Arcmix enables manufac-
turers to enhance the quality and safety of
thermal spraying. It reduces dust and fume
levels, lowers oxide content, and achieves a
deposit efficiency of more than 90%. Using
a nitrogen mix, the product makes it possi-
ble to get a specified hardness and im-
proved bond strengths of sprayed coatings
along with lowering porosity levels. This
also allows the coating process to be
adapted for specific applications.

The Linde Group
www.linde.com
+49.89.31001-203
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Twin Wire Arc Spray Systems Offer Defect-Free Coatings

The AVD 350 is a general-purpose, moderate-production thermal spray
machine for architectural, restoration, and anticorrosion applications. The
AVD™ Series equipment utilizes patented twin wire arc spray technology
branded as Arc Voltage Drive (AVD). It uses the pure DC power from arc
energy to drive the wire-feed motor. All AVD thermal spray systems are fit-
ted with a friction-free wire feeder with sealed roller bearings. Each wire
feed roll has its own spring pressure. The wire clamping system maintains
original settings, and has built-in wire straighteners for cored and solid wires.
The technology allows spraying at a range of operational parameters, per-
mitting a multitude of spray rates for various sized components while using
the same wire. This system can spray all types of wires — 1⁄16 in., 2 mm, or 3⁄32

in. diameters. The Jet Force Nozzle and Head unit is used to get high-
density (low porosity) and defect-free coatings, and it is applicable for all
materials of cored or solid wire. The system can be machine, tool post, or
robot mounted as well. Other features include the following: versatile power
units with a choice of lightweight inverter or conventional CV power; digital
meters on power unit; option of remote control of all operational functions
with digital meters; industrial cart for mobility; and stretch out power and
control cables.

Thermion
www.thermioninc.com
(877) 884-3428
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Replacement Consumables
Available

Replacement electrodes, swirl rings,
nozzles, retaining caps, and shields are
made by the company for all Powermax®
units. The parts can be used on 600, 800,
900, 1250, and 1650 units. Also offered
are replacement parts and consumables
for plasma, GMA, GTA, laser, oxyfuel and
thermal spray guns, torches, machines,
and robotics.

American Torch Tip Co.
attcusa.com
(941) 753-7557 For info go to www.aws.org/ad-index
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Sander Makes Pipes and
Tubes Shine

The LRP 1503 AIR Boa pipe sander is
a polishing solution for pipe, tubing, and
handrails. It features a 1-hp motor, with
20 ft3/min air consumption at 90 lb/in.2,
and is lightweight. The sanding arm
snakes up to 270 deg around the radius of
the pipe. The user just rotates the prod-
uct slightly to achieve a full 360-deg fin-
ish. Spring resistance between the deflec-
tion rollers ensures that the sanding arm
and belt are uniformly tensioned. It is use-

ful for cleaning the pipe surface in prepa-
ration for welding as well. It is available

as an electric model with an 11-A motor
and variable-speed control of 12–40 ft/s.
Pneumatic and electric models come with
a carrying case and various sanding belts.

CS Unitec
www.csunitec.com
(800) 700-5919

Direct Plugs Allow
Attachment of Flux Cored
Welding Gun to Feeders

The Dura-Flux™ self-shielded flux
cored welding gun can be configured with
direct plugs for wire feeders outfitted with
Tweco® 4 and Euro® gun connections.
Direct plug replacement kits make Dura-
Flux direct plugs easily interchangeable,
allowing companies with many feeder
brands to move the gun from one brand
to another by switching the direct plug and
trigger cord adapter. Additionally, the gun
can be configured with Miller® and Lin-
coln® direct plugs.

Bernard Welding Equipment
www.BernardWelds.com
(800) 946-2281

Cable Covers Consist of
Cowhide and Glove-Soft
Leather

The WeldTec® Overcoat™ leather
cable covers are patented two-piece pro-
tective covers designed to bundle and pro-
tect hoses and cables used on gas tungsten
arc torches, gas metal arc guns, and
plasma torches. The cowhide leather main
cover endures being dragged on the shop
floor, over a weld fixture, or sharp edges
on the workpiece. It is not affected by
sparks, spatter, flames, heat or cold, and

Now there’s an AWS certification for welders, foremen and
managers who want to lead their company’s welding team to
new heights of productivity and quality. A five-day prep
course focuses on knowledge of the science and economics
of high-throughput welding. As an AWS Certified Welding
Supervisor, you can make a difference in making your
company more profitable and competitive!

Consider the AWS Certified
Welding Supervisor Program.

For more information on the AWS Certified Welding Supervisor
program, visit our website at www.aws.org/certification/cws
or call 1-800-443-9353 ext 273 (outside the U.S. call 305-443-
9353). See a schedule of certification seminars coming to your
area in the ‘Coming Events’ pages of this Welding Journal.

Consider the AWS Certified
Welding Supervisor Program.

®

— continued on page 22
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has a Velcro® closure that will not arc-
out or melt, and is double stitched with
heat-resistant Kevlar® thread. Also, the
6-ft glove-soft leather extension cover is
fitted with a nonconductive zipper closure
that extends from the cowhide cover up
to the gas tungsten arc torch handle. The
softer extension cover resists burns, tears,
cuts, and does not pick up grinding burrs.

TEC Torch Co., Inc.
www.tectorch.com
(760) 747-3700

Wheels Remove Thread-
Root Corrosion for Pipe
Connection Integrity

Rex-Cut® Type 1 wheels for pipe
thread grinding are made from multiple
layers of nonwoven cotton fabric and ei-
ther aluminum oxide or silicon carbide
abrasives that are laminated, pressed, and
bonded together. They provide a way to
remove thread-root corrosion and grind-

out cracks using a high-speed grinder, and
will not change the thread geometry. Two
styles are available — A54GFX soft bond
for cleaning and finishing threads, and
A54MTX hard bond for grinding-out
cracks. The wheels for pipe thread grind-
ing are offered with coarse, medium, fine,
and very fine grain sizes. Measuring 75 ×
3 × 10 mm, they are suitable for ID and
OD applications.

Rex-Cut Products, Inc.
www.rexcut.com
(800) 225-8182

Metal Cored Electrode
Designed for Welding
Exhaust Systems

SelectAlloy 307EU-C is a composite
metal cored electrode for GMA welding
of stainless and certain types of other
austenitic steels. Its composite nature pro-
vides high deposition rates and fast travel
speeds, along with producing a weld de-
posit that is resistant to hot cracking. This
electrode, which conforms to European
Standard EN12073, features stable arc
transfer and maintains the ability to bridge
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root openings and poor fit-up areas. It
delivers a consistent deposit composition
as well. The electrode is a useful selection
for welding automotive exhaust systems,
especially when joining austenitic stain-
less to ferritic stainless or carbon steel,
ferritic to ferritic stainless, or other dis-
similar metals within the exhaust system.

Select-Arc, Inc.
www.select-arc.com
(800) 341-5215
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Thermal Spray
Cooling Using

Cryogenic Nitrogen

Thermal Spray
Cooling Using

Cryogenic Nitrogen

Thermal spray cooling system is shown in action at Progressive Technologies, Inc. (PTI).
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With the industry trend toward
faster, more heat-intensive
processes, maintaining part

temperature during thermal spray coat-
ing applications is becoming a greater
challenge than ever before. Traditional
cooling methods, such as forced air, are
not only inadequate but also inefficient,
resulting in wasted powder, process gas,
and spray booth time. Recognizing the
industry’s need for a better solution, Air
Products developed an automated ther-
mal spray cooling system that enables
users to maintain part temperature
within a ±20°F range using cryogenic,
inert nitrogen vapor (–320°F) while elim-
inating the inefficiencies. This new tech-
nology allows high-quality thermal
sprayed coatings to be applied faster and
at a lower cost.

Cooling Challenges

High-velocity oxygen fuel (HVOF)
thermal spray and plasma thermal spray
are heat-intensive processes used for coat-
ing parts, such as landing gear, bearing
races, valves, and turbine components
with wear, corrosion, and heat-shielding
materials. As with many thermal spray
coating operations, exposing parts to too
much heat can negatively impact coating
adhesion, part strength, fatigue life, 
corrosion resistance, and dimensional 
tolerances.

During the HVOF and plasma coating
processes, molten metal, composite, or ce-
ramic droplets are sprayed onto a part
from a gun. The energy required to melt
the feed powder, accelerate the molten
materials in the gas jet, and deposit these
particles onto the target surface results in
significant heating of the part. The process
is then repeated over and over again to
build up the full coating thickness, gener-
ating additional heat into the part.

A common method used to prevent
overheating of the substrate part during
the HVOF thermal spray process is forced
air cooling using compressed air jets.
However, the oxygen, moisture, and hy-
drocarbons in the compressed air are
often detrimental to the coating quality.
And because air cooling alone is often in-
sufficient, interpass cooling breaks must
be introduced into the process, which re-

duces productivity. During these interpass
cooling breaks, the spray gun is moved
away from the part while it continues fir-
ing, resulting in wasted feed powder and
process gases. This extended coating
process also results in undesired part soft-
ening and interpass coating oxidation.

Although cryogenic cooling methods
offer significant enhancements in the abil-
ity to remove heat quickly, they are rarely
used in the thermal spray coating indus-
try due to the risk of nonuniform cooling,
which results in uncontrolled levels of
residual stresses.

A very high-purity carbon dioxide
(CO2) cooling jet also has been used by
the industry. However, the heat removal
rate using CO2 is constrained by the
smaller temperature differential vs. nitro-
gen (CO2 has a boiling point of –78.5°C,
while cryogenic nitrogen boils at –196°C).
Liquid CO2, on expansion into ambient
air, also has a tendency to form solid CO2
snow that can cause clogging of nozzles
or form undesired solid deposits at the
target surface.

New Cooling Solution

As demonstrated in Fig. 1, cryogenic
nitrogen vapor significantly accelerates
cooling over traditional air-cooled
processes. This new cooling technology is
compatible with existing thermal spray
systems and offers a variety of system de-
signs for application-specific use. The sys-

tem uses a novel cryogenic spray nozzle
that installs easily on robotically operated
thermal spray guns — Fig. 2. During spray
application, the cryogenic vapor jet fol-
lows the thermal spray plume to maintain
the part’s temperature within a preset
temperature range. The liquid nitrogen is
atomized inside the nozzle by another
stream of nitrogen gas to form rapidly
boiling, microscopic droplets that turn
into cryogenic nitrogen vapor within a
short distance from the discharge point.
This prevents undesired “wetting” of the
coated surface and steep temperature gra-
dients in the coating.

The cryogenic cooling system effi-
ciently and uniformly cools parts by mon-
itoring temperatures over the entire part
surface and varying the cooling intensity
to match the heat generated in the spray-
ing process. The temperature feedback
logics can use a variety of inputs, such as
thermal imaging cameras, single-point in-
frared sensors, and thermocouples, and
the amount of cooling is computer con-
trolled by a proprietary algorithm. This
setup allows the cooling system to main-
tain the part temperature dialed in by the
spray booth operator by controlling cool-
ing intensity using a range of jetting modes
between ambient-temperature nitrogen
gas, liquid-gaseous nitrogen aerosols, and
a nearly 100% liquid nitrogen spray.

The system displays real-time vital char-
acteristics of the coating process, such as
the instant and time-averaged tempera-
tures of the part, temperature distribution

This system for heat-intensive spraying processes that allows 
specified part temperatures to be maintained, along with providing quick

application of coatings, is beneficial in various applications

Fig. 1 — Cryogenic nitrogen vapor vs. traditional air-cooled processes.

Contributed by Air Products, Allentown,
Pa. For more information, visit
www.airproducts.com/spray8. Copyright,
Air Proucts
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in various part areas, and standard devia-
tion of accumulated thermal data. The data
are tracked, recorded, and stored for audit
purposes. Automated reports also can be
generated to include thermal images of the
part during spraying.

Secondary Masking Benefit
Saves Time and Money

Another benefit of the new cooling sys-
tem is the time and cost savings in the
masking process. In spray coating opera-
tions, setup time is required for masking
areas of the part where the coating is un-

needed, uneconomical, or undesirable be-
cause it may interfere with the mechani-
cal working of the component. Either
metal plates (shadow plates) or masking
tapes are used to protect these areas. The
masking tapes available today are made
of a wide variety of materials ranging from
fiberglass and metallic laminates to adhe-
sive silicone rubbers. While metallic  tapes
are expensive and usually difficult to in-
stall, flexible fiberglass and polymer tapes
are easy to install but nearly impossible to
remove due to the thermal degradation
during the coating process.

With the cryogenic cooling technology,

coating applicators can use inexpensive,
flexible masking tapes that are easy to
apply and remove, resulting in radically
reduced setup and cleaning times. This is
because the cryogenic jet provides instant
cooling of the top surface of the masking
tape, preventing thermal degradation nor-
mally progressing with each pass of the
spraying gun. As a result, the tape stays
flexible and leaves a clean, residue-free
part surface when removed after the spray
operation. In addition, the tape can be
reused several times. Figure 3 shows how
cryogenic cooling prevents a range of jet-
ting progressive thermal degradation of
silicone-based masking tapes.

Cryogenic Cooling Takes
Flight for Delta

For Delta Air Lines, which uses
HVOF thermal spray to coat engine parts
and landing gear components, maintain-
ing part temperature within specified lim-
its is crucial. Unsatisfied with the inade-
quate air cooling and low productivity
during its HVOF thermal spray opera-
tions, Delta turned to Air Products for a
better solution. After working with
Delta’s systems and parts, the company
adapted its cooling technology for opti-
mum use in Delta’s automated thermal
spray process. The cryogenic nitrogen
cooling system enabled Delta to reduce
by as much as 50% the spraying time and
amount of feed powder and process gases
consumed in the coating of its aircraft
landing gear wear surfaces.

Seeing Is Believing for 
Progressive Technologies

Air Products recently teamed up with
Progressive Technologies, Inc. (PTI), a de-
signer, manufacturer, and marketer of au-
tomated surface treatment equipment, to
offer thermal spray users the opportunity
to see first hand how the new cryogenic
nitrogen cooling system works — see lead
photo. In addition to watching demon-
strations at its manufacturing facility in
Grand Rapids, Mich., potential users can
test the effectiveness of the cooling sys-
tem on their own parts.

For some of the PTI customers, over-
heated parts are a significant issue. Cur-
rent cooling methods — like compressed
air — cannot always maintain desired or
specified part temperature, especially in
some of the newer gun designs where
more powder can be applied in a shorter
amount of time. This new cooling system
has the potential to solve cooling prob-
lems for PTI users where normal com-
pressed air cooling is inadequate.

Fig. 2 — This image demonstrates how the cryogenic spray nozzle mounts on robotically op-
erated thermal spray guns.
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Potential Military
Applications

The company is part of a collaborative

effort to conduct feasibility studies re-
garding HVOF tungsten carbide (WC-
Co-Cr) coatings using liquid nitrogen
coolant and temperature monitoring tech-
nologies for potential military applica-

tions. Substrates of interest include alu-
minum, titanium, stainless, and low- and
high-strength steels on aircraft and pro-
peller components. These studies will be
performed under a Small Business Inno-
vation Research (SBIR) project and are
intended to deliver recommendations on
the most advantageous combination of
technical, managerial, and cost solutions
to the military. If the technology is suc-
cessfully validated, implementation would
follow at appropriate military mainte-
nance, repair, and overhaul facilities.

Conclusions

Air Products’ thermal spray cooling
technology, which was developed by its
Metals Processing Team, has been proven
to be an effective and economical solu-
tion for heat-intensive processes, such as
HVOF and high spray rate plasma sys-
tems. Inert nitrogen cooling has provided
productivity and coating quality benefits
in a range of applications involving aero-
space parts, machinery, and rolls. The
company is also planning R&D work to
determine the benefits of this new tech-
nology in heavy machine welding opera-
tions that tend to thermally distort parts.◆
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Fig. 3 — Cryogenic cooling and preventing progressive thermal degradation of silicone-
based masking tapes. A — Represents air cooling; B — stands for cryogenic nitrogen vapor
cooling.

A

B
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Without a doubt, there is presently
a need and demand for welders.
After all, according to the

American Welding Society (AWS) and
other industry research, the average age
of a welder is in the mid-fifties. And with
nearly half of the North American welder
workforce due to enter retirement soon,
the U.S. faces a potential shortage of more
than 200,000 skilled welders by 2010. It is
important to bring new people into the
welding field to fill this gap and to keep
the U.S. manufacturing sector strong.

Currently, communities around the
country are gearing up to provide solu-
tions for the industry’s shortage. Here’s a
small selection of what is being done now
to help this situation.

Boot Camp Tackles 
Welder Objective

The Northwest Wisconsin Concen-
trated Employment Program (NWCEP),
Inc., and Wisconsin Indianhead Technical

College-Superior (WITC) have come to-
gether to create a welding boot camp. 

Heading up the program is WITC
welding instructor John Palmer joined by
teaching assistant and former student
Brian Kulaszewicz, and instructor Dan
Wilkinson from the college’s New Rich-
mond campus — Fig. 1.

According to Steve Terry, NWCEP ex-
ecutive director, the project responds to
a need from regional manufacturers for
more trained welders to fill immediate
openings that threaten production and re-

KRISTIN CAMPBELL (kcampbell@aws.org) is associate editor of the Welding Journal.

Workforce
Development

Programs Combat
Welder Shortage
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acts to the impending retirement of a large
segment of the welding workforce. Multi-
ple large-scale construction projects are
planned in the Northland area of north-
west Wisconsin and northeast Min-
nesota’s iron range.

“NWCEP is really pleased to be able
to assist in this direct training and em-
ployment effort,” said Terry. “This is just
one example of the many ways NWCEP
has helped the citizens and businesses of
our region prosper over the years.”

The first class, made up of 20 students,
started on July 1 — Fig. 2. The fast-paced
track runs Monday to Thursday, making
up 30 hours a week, and it lasts for a total
of five weeks. Upon finishing, students will
receive a certificate of completion and
earn five college credits.

Connie Constantine and Lindy Stein,
employment specialists with NWCEP,
chose the attendees from a large group of
applicants. Alternates were named, too.

The candidates took a JobFit™ test, an
assessment measuring both basic (hard)
and work ethic (soft) skills to see if their
personalities fit with a welding career;
completed a Test of Adult Basic Educa-
tion (TABE) at WITC; filled out a generic
job application; submitted all testing re-
sults; were interviewed; and attended a
small group orientation.

Training takes place at the college be-
cause its new Flexible Training Lab and
existing lab allow varied, customized train-
ing — Fig. 3. A recent investment made

in power sources will also help to provide
good welding training.

NWCEP paid for the participants to
attend and supplied safety equipment and
tools using local Workforce Investment
Act funds available from this current year.

Representatives from NWCEP, WITC,
and area businesses and union apprentice-
ship programs chose the curriculum.
Palmer thinks the camp will be 90% hands-
on work and 10% classroom training. The
following will be covered: AWS D1.1,
Structural Welding Code — Steel, for 1-in.
flat plate; blueprint reading; weld symbols;
reading measurements; cutting, including
plasma and oxyfuel; safety training; flux
cored arc welding and shielded metal arc
welding; and welding vocabulary.

“I always tell welding students a phrase
told by my welding instructor, ‘You are
only as good as your last weld,’ and I ex-
pect everyone to do their best, every day,”
said Palmer. “It is important what we have
done in the past, but with welding skills,
we have to remain current.”

Due to the camp’s short time frame —
a fraction of the full-time, one-year pro-
gram, — Palmer stated students will be
able to enter the workplace safely, know-
ing the basic competencies, but they will
still need on-the-job training.

Mentoring services will be offered after
completing this camp, which will be
worked out with WITC and the employ-
ers as the project proceeds. Business con-
sultants at NWCEP will also help with job

placement by contacting local employers
for job openings and other potential op-
portunities.

The $243,667 Department of Labor
(DOL) Appropriation grant funds to
NWCEP, made possible through the ef-
forts of U.S. Senator Herb Kohl from Wis-
consin, will become available in October
or November. Using part of these funds,
a second boot camp will be held later. It
is possible Palmer may again be involved;
NWCEP will again choose the attendees.
Overall, it is hoped 75–100 students can
be trained in welding.

To apply for an upcoming boot camp,
visit www.nwcep.org, www.nwwib.biz, or
contact Terry at sterry@nwcep.org. The
college’s home site is www.witc.edu.

Welding Grant to Provide
Metal Fabrication Training

The College of the Canyons (COC)
welding technology department has been
awarded approximately $300,000 by the
California Community College’s Eco-
nomic and Workforce Development pro-
gram in Industry Driven Regional Collab-
orative grant funds.

“We’ve been training great welders at
COC for several years now, but often
times our graduating students are lacking
the metal fabrication skills that give them
that one-two punch needed for working
in several different welding industries,”

Coping with the welder shortage today is no small task, but various organizations
have joined forces and grants are being given for assistance

BY KRISTIN CAMPBELL

Fig. 1 — Teacher John Palmer (shown above) said the welding
boot camp’s concept is to get individuals in the door to be welders,
then they can get groomed by an employer. (Photo courtesy of
Celia Tarnowski.)

Fig. 2 — This class photo of the welding boot camp displays its
attendees along with instructor John Palmer (far right) on the
WITC-Superior campus. (Photo courtesy of Celia Tarnowski.)
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said Tim Baber, chair of the college’s
welding technology department. “This
grant expands the opportunities for stu-
dents to learn the whole package, weld-
ing and metal fabrication, and really puts
them in a position to earn more money as
an entry-level technician.”

Funding for new equipment and sup-
plies, curriculum development, faculty
training, and industry outreach efforts is in-
cluded. Also, it will allow the college to ex-
pand its current welding technology pro-
gram to feature an Associate in Science de-
gree and certificate of achievement pro-
gram in metal fabrication in the future.

Welding 092: Intro to Metal Fabrica-
tion is set to debut this fall. The course,
designed to include basic metal fabrica-
tion skills training, will involve measur-
ing, layout, drilling, bending, shaping, cut-
ting, and machining alloys of all different
types into various shapes and sizes. An ad-
ditional focus will be on cutting and fit-
ting metal pipe. It is the first of three new
metal fabrication courses recently ap-
proved by the California Community Col-
leges’ Chancellor’s Office and offered to
COC students.

Welding 093: Intermediate Metal Fab-
rication and Welding 094: Advanced Metal
Fabrication will add more skills, with expo-
sure to the industry’s metal cut-
ting/machining equipment, before chal-
lenging students with a semester-long col-
laborative project involving design, layout,
machining, fabrication, and other specific
welding technology skills and operations.

The COC Welding Technology metal
fabrication option was developed in re-
sponse to the projected growth in the
metal fabrication and welding segment of
southern California’s economy, and the
growing need for technicians with ad-
vanced metal fabrication skills, as ex-
pressed by regional industry. For more in-
formation, visit www.canyons.edu/weld.

New Facility Meets
Need to Instruct
Welders

Portland Community
College (PCC) and Vigor
Industrial, LLC, have joined
forces to open the Swan Is-
land Training Center in
North Portland, Ore., for
providing welding training
opportunities that support
the local manufacturing in-
dustry. The partners re-
cently unveiled the center
on May 30 — Fig. 4.

“This is a great day for
business, and this is a great
day for Portland Commu-
nity College,” said Nan
Poppe, president of the Extended Learn-
ing Campus and PCC’s lead on forging
the relationship. “We, for a long time,
have been wanting to bring our skill
trades, and welding in particular, over to
the east side...we’re so excited because this
is a piece where college and industry have
come together to really fill the talent
pipeline that we’re going to need to keep
our economy vital.”

Located on a 64-acre industrial facil-
ity that includes 20 companies, the center
offers an evening shift of classes that are
the same as what is offered through the
welding program at the college’s Rock
Creek campus in Washington County. The
classes are offered between 5 and 10 p.m.
with an initial capacity of 20 students at a
time. Plus, the PCC Foundation will award
one student a one-year scholarship in the
name of Vigor Industrial.

If passed, the college’s $374 million
bond measure on the November ballot
would build on this partnership by adding
career training facilities for welding on

the east side and renovating the welding
labs at the Rock Creek campus.

At www.pcc.edu/programs/welding, in-
terested students can sign up for classes.
The Swan Island Training Center is not an
official campus, so administrative func-
tions will be performed at PCC’s South-
east Center. Vigor Industrial owns the
new facility and has made a capital invest-
ment to develop the property into a train-
ing facility.

“We are so excited to offer welding on
Portland’s east side,” said Preston Pul-
liams, PCC president. “We hear from busi-
ness and industry almost daily, asking for
more highly trained workers. The need is
vital.”

In addition, PCC will use the center as
a tool to connect to local high schools that
have discontinued their vocational pro-
grams. The center will also be a place
where welders could go to upgrade their
skills and retrain as jobs get more techni-
cal, which means expanding it to a day
shift.

Fig. 3 — Several welding booths, complete with machines, stands, and
exhaust hoods, await use inside WITC’s new Flexible 
Training Lab. (Photo courtesy of Celia Tarnowski.)

Fig. 4 — At the Swan Island Training Center’s ribbon-
cutting ceremony, Ryan Butler, a welding technology in-
structor at PCC and teacher at the new facility, used an 
oxyfuel torch to cut the chain in front of the center. (Photo
courtesy of Vern Uyetake.)
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The program at Vigor Industrial was
made possible when the 2007 Legislature
boosted funding for Oregon’s 17 commu-
nity colleges, after several years of disin-
vesting in higher education, according to
Dana Haynes, public affairs manager for
PCC.

Community College to
Grow Welding Program

The Kansas Department of Commerce
has recently awarded $141,050 to Garden
City Community College (GCCC) to help
expand its welder training program.

The funding will assist in renovating
the college’s training and classroom fa-
cilities, achieve additional certification
for instructors, and deliver courses using
computer-based modular and instructor-
led learning. What’s more, the college will
increase annual enrollment by at least 40

students and train a
minimum of 139 stu-
dents for each of the
next three years. Stu-
dents can earn a cer-
tificate of completion
and/or an Associate
of Applied Science 
degree.

“Welders, cutters,
and solderers are es-
sential to our state’s
energy, manufactur-
ing, and construction
industries,” Kansas
Governor Kathleen
Sebelius said. “This
Workforce Solutions
Fund award is a direct
response to the press-
ing need for these
workers. We’re glad to
partner with Garden
City Community Col-
lege on this project,
and we’re confident it
will help provide

Kansas companies with the workers 
they need.”

Palmer Manufacturing, Tank Inc., and
Tyson Fresh Foods, along with USD 457
Garden City Public Schools, will partner
with GCCC on the project. The college
will also assist Palmer Manufacturing and
Tank Inc. with precandidate screening and
provide training for Palmer employees.
USD 457 will allow students to earn artic-
ulated credit and matriculate through a
secondary-to-postsecondary curriculum.

In July, facility renovations were sched-
uled to begin, and these are expected 
to be ready for the start of classes in 
August. The school’s Web site is at
www.gcccks.edu/index.html.

“The new facility here on our campus
will provide training for incumbent work-
ers and emergent workers coming through
the area’s high schools, as well as for peo-
ple completing adult education and from

the public at large,” said Dr. Carol Bal-
lantyne, GCCC president.

Center Receives Grant to
Create Pipe Welding School

The Advanced Welding and Cutting
Center at Florence-Darlington Technical
College (FDTC), Florence, S.C., will be
able to fund a new Pipe Welding Academy
due to a $60,000 grant from Progress En-
ergy. The academy was supposed to begin
in July, and it can produce 50 certified
pipe welders a year.

FDTC President Dr. Charles Gould
was on hand recently at the college’s Ad-
vanced Welding and Cutting Center to ac-
cept a check from Progress Energy offi-
cials — Fig. 5. The college can be found
online at www.fdtc.edu/default.asp.

“Many of our welding certificate grad-
uates have worked at Progress Energy fa-
cilities all across the company’s service
area,” said Dr. Gould. “We are so proud
to call Progress Energy a partner in higher
education.”

According to Advanced Welding and
Cutting Center Director Ross Gandy,
Progress Energy is funding the academy
at the college because of a dwindling sup-
ply of pipe welders crucial to power com-
pany operations. “Currently, employers
must go beyond the region to fill pipe
welding positions. The academy will allow
employers to offer these jobs to local tech-
nicians and allow this significant economic
benefit to stay in the region,” said Gandy.

Future Intentions

The efforts of the above-listed groups
will assist in bringing more people into
the welding field. This is just a sample of
the training efforts occurring across the
United States. To meet the needs of in-
dustry, an even greater effort will be 
required.◆
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Fig. 5 — Florence-Darlington Technical College President 
Dr. Charles Gould (far right) and Ross Gandy (third from right),
Advanced Welding Center director, accept a check from Progress
Energy officials (from left) Tom Walt, vice president, H. B. Robin-
son Nuclear Plant; John Sanderson, H. B. Robinson Nuclear
Plant welding engineer; Bryant Hearne, H. B. Robinson Nuclear
Plant maintenance services superintendent;  and Emerson Gower,
vice president of Progress Energy Southern Region.

For info go to www.aws.org/ad-index
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The need for high-structure coatings
in the industrial market, specifically for
tube applications, remains strong — and
is likely to remain so. One challenge that
has been confronting companies for a
number of years, however, is achieving the
correct balance between coating quality
and cost. Tremendous progress has been
made in responding to this challenge with
new thermal spray techniques that suc-
ceed in meeting quality expectations at a
reduced cost. 

Background

As a line-of-sight process, thermal
spray had application limitations, partic-
ularly in coating the inside of small-diam-
eter tubes. Many processors would not
consider thermal spraying techniques be-
cause the angle of the spray was problem-
atic. Specifically, the line-of-sight process
was restricted in its ability to coat inside
diameters (IDs) any greater in length  than
the size of the ID. Essentially, a 45-deg
angle was the maximum angle possible.
However, recent studies have shown there
are techniques that can overcome these
limitations.

Industrial Applications
The thermal spray process has been ap-

plied successfully to industrial applica-
tions, but not without the following chal-
lenges:

Cost. The first thermal spray tech-
niques met with limited success, largely
due to inferior spray quality. The coatings
were not sufficiently dense to protect the
components. However, technical ad-
vancements in the process resolved these

quality concerns, resulting in a far more
dense coating. This coating succeeded in
providing proper protection. With these
positive results each application must be
reviewed on its own cost basis to deter-
mine the advantage of utilizing this
process method.

Density and Porosity. The coating
process frequently resulted in corrosion
and other inferior results because of low
density and high porosity.  

The high-velocity oxygen fuel (HVOF)
thermal spray process responds directly
to these challenges. Following is the
methodology and results of a study that
used the HVOF thermal spray process
with an off-angle technique.

Study Methods
In the study (Ref. 1), HVOF thermal

spray (WC/CoCr) coatings were sprayed
at several angles while maintaining con-
sistent combustion characteristics and
standoff distances. Parts having only a 2-
in. ID were effectively coated up to 6 in.
in depth. With the exception of the wear
and fatigue samples, the coatings were
sprayed onto grit-blasted AMS 5504 stain-
less steel. The substrate alloy for the wear
and fatigue testing was AISI 4340 steel.

The as-sprayed coating thickness for
all samples was 250–300 μm (0.010–0.012
in.). The final coating thickness of the fa-
tigue samples after grinding was 76 μm
(0.003 in.). The spray angles examined in
this study were 90, 60, 45, 35, and 25 deg,
with respect to the substrate surface  —
Fig. 1.

Average surface roughness (Ra) and
bearing length ratio (Tp%) were meas-
ured for each as-sprayed coating. The
coatings were sectioned and mounted in

cross section in epoxy for microhardness
testing and microstructure evaluation. 

Additionally, the surfaces of the coat-
ings were polished and the microstructure
of the bearing surface was examined using
scanning electron microscopy. Tensile
bond strength testing was performed per
ASTM C633. Relative measurements of
residual stress in each coating were deter-
mined using the Almen strip deflection
method.

Fretting wear testing was performed to
determine the relative wear resistance of
HVOF WC/CoCr coatings sprayed at 25,
35, 45, and 90 deg. HVOF WC/CoCr coat-
ings were applied to the moving sample,
and the static sample was composed of ei-
ther NiAl-bronze or AISI 4340 steel. The
wear tests were conducted under room-
temperature, nonlubricated conditions in
air. The applied load was 1.8 MPa (265
lb/in.2) and the frequency was 300 Hz.

Summary of Results
Standard measured responses for coat-

ings, such as microhardness and Almen
deflection, indicate that the extreme off-
angle HVOF WC/CoCr coatings are dif-
ferent from the 90-deg coatings in several
significant ways. Off-angle coatings ex-
hibit lower hardness and lower compres-
sive residual stress. As a benefit, off-angle
coatings also exhibit more uniform distri-
bution of phases across the surface and
lower as-sprayed roughness. Despite the
reduced hardness and residual coating
stress, the off-angle WC/CoCr coatings
exhibited less wear, as measured by
change in thickness, than the 90-deg coat-
ings.

These observations indicate that the
distribution of phases, not microhardness,

ThermalThermal Spray Spray  TTeecchhnniiqquueess for for
DeepDeep Bore Bore Applications Applications

High-velocity oxygen fuel thermal spray combined with an off-angle technique
proved capable of applying coatings to tubes at greater depths

MARC FRONING is engineering & development manager and PETER F. RUGGIERO is commercial manager, BASF Catalysts LLC, Sur-
face Technologies, East Windsor, Conn. RICHARD BAJAN is senior sales representative, BASF Catalysts LLC, Surface Technologies, Dun-
can, S.C. For more information, visit www.catalysts.basf.com or email: info-ec@basf.com.
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in the composite coatings is more impor-
tant in predicting wear response. The im-
proved phase distribution in off-angle
WC/CoCr coatings appears to be caused
by blending that occurs on impact as the
splats elongate, flatten, and splatter.
Under dry fretting wear conditions against
HVOF WC/CoCr coatings, both NiAl-
bronze and 4340 steel wear by adhesion
to the coating. However, the adhesive
wear is more significant in the case of the
bronze. The bronze sample’s higher duc-
tility likely allowed greater plastic defor-
mation under the normal and shear forces
in the wear test. In addition to material
loss through adhesion to the WC/CoCr

coating, the bronze sample also exhibited
characteristics of surface fatigue wear.
The wear scar on the steel surface exhib-
ited plastic deformation and embedded
WC wear debris; however, there was no
evidence of surface fatigue.

These study results have been con-
firmed by successful experience in the
aerospace field. For example, BASF Cat-
alysts coats parts for the F-18 Hornet and
the Joint Strike Fighter aircraft utilizing
similar angles of spray. 

Consistent Coating
It is important to note that the thermal

spray coatings’ thickness and structure
may be as important as the materials
themselves. To achieve consistent thick-
ness and structure specifications, it is es-
sential that thermal spray coaters use
modern equipment and computers to cal-
ibrate and monitor their application
processes. With modern techniques,
proper thickness and structure can be con-
sistently maintained on virtually all sur-
faces, leading to improved life expectancy
of the components. 

Some customers have found that life
expectancy increases as control tightens,
even if the original control was within
“spec.” It is critical, therefore, that man-
ufacturers select a coater with state-of-
the-art process control.

Conclusion
Off-angle thermal spray techniques spe-

cific to tube applications are now available
to processors in the industrial market. The
techniques successfully overcome problems
that once limited processors’ ability to coat
inside diameters greater in length than the
size of the ID. ◆
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Fig. 1 — Off-angle applications.

CAN WE TALK?
The Welding Journal staff encourages an exchange of ideas with you, our readers. If you’d like to ask a question, share an idea or

voice an opinion, you can call, write, e-mail or fax. Staff e-mail addresses are listed below, along with a guide to help you interact with
the right person.

Publisher
Andrew Cullison 
cullison@aws.org, Extension 249
Article Submissions

Editor
Mary Ruth Johnsen
mjohnsen@aws.org, Extension 238
Feature Articles

Associate Editor 
Howard Woodward
woodward@aws.org, Extension 244
Society News
Personnel

Associate Editor 
Kristin Campbell
kcampbell@aws.org, Extension 257
New Products
News of the Industry

Production Manager 
Zaida Chavez
zaida@aws.org, Extension 265
Design and Production

Advertising Sales Director 
Rob Saltzstein 
salty@aws.org, Extension 243
Advertising Sales

Advertising Sales & 
Promotion Coordinator 

Lea Garrigan Badwy
garrigan@aws.org, Extension 220
Production and Promotion

Advertising Production Manager 
Frank Wilson
fwilson@aws.org, Extension 465
Advertising Production

Peer Review Coordinator 
Erin Adams
eadams@aws.org, Extension 275
Peer Review of Research Papers

Welding Journal Dept. 
550 N.W. LeJeune Rd. 
Miami, FL 33126 
(800) 443-9353
FAX (305) 443-7404

Froning Feature August 2008:Layout 1  7/7/08  5:48 PM  Page 35



AUGUST 200836

For years, the decline of manufactur-
ing in the United States and the resulting
increase in poverty and distressed urban
communities has been been portrayed as
inevitable. No doubt, America’s once-
robust manufacturing economy has suf-
fered greatly as a result of globalization.
Emerging technologies in India and China
and the steady stream of jobs moving over-
seas have many people convinced — some
manufacturers among them — that there
is little that can be done to redirect man-
ufacturing’s downward slide.

But in Chicago, the voice of a unique
public/private partnership is rising above
the manufacturing death knell to spur ac-
tion, educational reform, and innovative
business practices with the goal of mak-
ing Chicago a world-class center for high-
value-added production.

The Chicago Manufacturing Renais-
sance Council (CMRC), created in July
2005, is a federation of labor, business,
government, education, and community-
based agencies that has embraced the
challenge of leading the race to the top in
global, high-performance manufacturing. 

Chicago, like many other U.S. cities
devastated by deindustrialization, has

seen heavy job losses (approximately
200,000 since the 1980s) and hordes of
manufacturing companies go belly up
(about 4000 out of 7000). Predominately
black, inner-city communities were the
hardest hit by swift and widespread plant
closures, and many are still reeling from
the losses in the forms of increased crime,
poverty, and staggeringly high unemploy-
ment rates.

By bringing together all the stakehold-
ers that hold sway over economic devel-
opment, job creation, and the rebuilding
of blighted communities, the Council is
poised to develop long-term, “high road”
solutions to help manufacturing compa-
nies become more innovative in produc-
tion; to reinvest in equipment and in their
workforce; to improve the educational in-
stitutions that produce the next genera-
tion of workers; and to ensure that gov-
ernment and labor supports the sustain-
ability and growth of manufacturing com-
panies. What has become clear in recent
years is that these companies do not have
the capacity to solve their workforce chal-
lenges alone.

The Council’s cochairpersons include
Commissioner David Hanson from the

Mayor’s Office of Workforce Develop-
ment, Commissioner Arnold Randall of
the Department of Planning and Devel-
opment; Jorge Ramirez, the secretary-
treasurer of the Chicago Federation of
Labor, and the former chairman of the
board of the Illinois Manufacturers’ As-
sociation and owner of Oakley Millworks,
Glen Johnson. Its executive committee in-
cludes 25 top leaders from industry and
education. Dan Swinney is executive di-
rector of the Council, as well as the Cen-
ter for Labor and Community Research.

Improving Metalworking
Skills

The Council is poised to become a na-
tional model for economic development
and educational insight specifically as it
relates to the manufacturing sector. Its
first major victory came in November 2006
when the Council won approval from the
Chicago Board of Education to open
Austin Polytechnical Academy, a new
school focused on manufacturing called. 

The Council also is spearheading an
assessment of Chicago’s community col-

Chicago Aims to
Bring Manufacturing
Jobs Back to the City

DAN SWINNEY (dswinney@clcr.org) is executive director, Chicago Manufacturing Renaissance Council, Chicago, Ill. Additional infor-
mation is available at the Web sites for the Chicago Manufacturing Renaissance Council, www.chicagomanufacturing.org, and Austin Poly-
technical Academy,   www.austinpolytech.com.

The goal of the Chicago Manufacturing Renaissance Council, a public/private
partnership, is to make the city a center for highly skilled manufacturing

BY DAN SWINNEY
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lege system in light of best international
practices, as well as a research and mar-
keting initiative to promote the use of the
National Institute of Metalworking Skill
Standards by local companies and schools. 

The CMRC’s partners include the Jane
Addams Resource Corporation (JARC),
which provides training programs in weld-
ing for Job Corps and others seeking jobs
in this dynamic industry. JARC provides
training for about 50 students in gas tung-
sten arc welding and gas metal arc weld-
ing so they can achieve an AWS qualifica-
tion. But, as in other sectors, this “supply”
is far short of the demand for highly skilled
welders. Although many companies can
turn toward automation and have a need
for engineers and robotics technicians,
there still is a huge demand for skilled
welders. And the region is failing to keep
up with this demand. The CMRC will seek
to improve and expand programs at train-
ing providers like JARC as well as in the
community college system in the region
to meet this demand. 

One of  the CMRC’s new initiatives  is
to identify the components and services
needed by the renewable energy industry
(windmills, solar power, etc.). Illinois now
has one of the most ambitious renewable
energy portfolios in the country, requir-
ing that 25% of the state’s energy needs
must be met through renewable sources
by 2025. Many welders will be needed for
production of new wind turbines.

A New Direction: Education

In 2001, the Center for Labor and
Community Research (CLCR), with
sponsorship from the Chicago Federation
of Labor and funding from the U.S. De-
partment of Labor, conducted an analy-

sis of the manufacturing workforce devel-
opment system in Cook County, Ill., called
Creating a Manufacturing Career Path
System in Cook County. Its research un-
covered a nonperforming system in pub-
lic education that failed to meet the skills
needs of the manufacturing sector. The
report outlines a 20-year strategic plan,
including the creation of small schools
linked to the manufacturing sector; the
transformation of the area’s community
college system; the creation of a system
based on national skill standards in man-
ufacturing and a method for certification
that is broadly recognized; and a focus on
career paths.

Private industry on board

The Illinois Manufacturers’ Associa-
tion (IMA), which represents some 4000
manufacturing companies throughout the
state, immediately took interest in
CLCR’s approach as presented in the 2001
report. Some of the IMA member com-
panies are larger firms that have the abil-
ity to move around the world in order to
solve their workforce challenges. How-
ever, more than 85% of IMA members
are small, privately held companies with
limited resources. In addition, this sector
of manufacturing companies is facing a
loss of 40% of their workforce over the
next 10 years

The IMA commissioned the CLCR to
conduct a study on Illinois manufacturing
and its challenges. The report, The State
of Illinois Manufacturing, encouraged the
IMA to form a “high road” partnership
with labor, government, and community
groups around a common vision: Illinois
leading the race to the top in global, high-
performance manufacturing. The stake-

holders began to recognize that in the
global economy, Illinois would continue
to lose low-skilled jobs to developing
countries such as China, Mexico, and
India. While the stakeholders agree we
should try to save as many of those jobs
as we can, the focus today should be on
competing in the high-value-added sector
of manufacturing and on making complex
products. We should strive to create a
competitive advantage by producing the
products that companies can charge the
most to produce. In turn, producing
higher value-added products allow em-
ployers to pay higher wages and provide
good benefits while still making a solid re-
turn. This type of production requires a
world-class education system, as well as a
world-class social, physical, and techno-
logical infrastructure. Mutual investment
and mutual responsibility by both the pub-
lic and private sectors to achieve this goal
make absolute business and social sense.

Glen Johnson of the IMA, with Dan
Swinney of CLCR and Commissioner
David Hanson of Chicago’s Mayor’s Of-
fice of Workforce Development, con-
vened the Chicago Manufacturing Ren-
aissance Council to pursue the broader
objectives as well as specific projects that
reflected their vision.

As an important first step, the Coun-
cil has taken these ideals and focused on
creating a manufacturing-centered high
school in Chicago’s Austin community.

Austin Polytechnical 
Academy

Austin Polytechnical Academy is a
small school that opened in the fall of 2007
with a freshmen class of 140 students. It

Fig. 1 — Austin Polytechnical Academy students are shown on a tour of Rexam, one of the school’s partner companies. Field trips such as
this help students learn about the technology and processes involved in advanced manufacturing. 
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will add a class per year to eventually reach
a size of 550 to 600 students. Austin Poly-
tech will be a school of choice that has fo-
cused on recruiting students from the
Austin neighborhood. Residents of
Austin, once a stable working-class com-
munity, have witnessed the dramatic loss
of manufacturing companies and jobs over
the last 25 years. One Austin resident,
Shonta Arrington, told the Chicago Board
of Education at a presentation of the
school’s design plan, “Austin Polytech is
the first thing in many years that has giv-
ing me hope for Austin. Now our children
can be leaders in the global economy
rather than its victims.”

Austin has generations of residents
that historically have participated in
Chicago’s industrial working class. This
African-American community sits within
close proximity to rail lines and key trans-
portation routes, assets that beg greater
utilization. As a deindustrialized commu-
nity, Austin also has high rates of families
and children in poverty. Thirty percent of
individuals live below the poverty line and
30% of all households receive public as-
sistance. Less than two-thirds of the pop-
ulation over 25 have completed high
school. A large number of young people
have various kinds of disabilities; a high
percentage of families have a connection
to the criminal justice system; and there
are other reflections of the pathology of
poverty that haunt America’s major urban
communities.

Austin Polytech provides a safe, nur-
turing, and stimulating educational envi-
ronment. So far, 37 companies have part-
nered with the school to provide general
support, work exposure for freshmen stu-
dents, internships and summer jobs for
students starting in their sophomore year,
and prospects for full-time employment
upon graduation — Fig. 1. Companies as

well as teachers, community members,
parents, and students are represented on
the governing body of the school. The
Center for Polytechnical Education — the
educational service and replication arm
of the CMRC — employs a full-time in-
dustry coordinator to work as an inter-
mediary between the partner companies
and schools.

Austin Polytech will be linked gener-
ally to careers in modern manufacturing
and principally to the metalworking sec-
tor. The school’s administrative team will
promote career paths in skilled produc-
tion and technical positions, as well as
management and ownership of compa-
nies. Austin Polytechnical prepares stu-
dents for college as well as preparing
those students who will be seeking em-
ployment immediately after graduation.
The curriculum is anchored in a preengi-
neering program called Project Lead the
Way, with a focus on machining — Fig. 2.
Project Lead the Way has an outstanding
reputation for assisting minority students
in getting placed in engineering schools.
Each student will graduate with at least
two National Institute of Metalworking
Skills credentials and perhaps as many as
eight, qualifying them for immediate 
employment in skilled positions out of
high school. 

More specifically, Austin Polytechni-
cal is anchored in a specific development
agenda for the local community that is
consistent with that of the Council’s. The
focus is on creating a mixed economy with
a strong and vibrant high-performance
manufacturing sector at its core, as op-
posed to abandoning the community to
big-box retailers that pay low wages. 

The first year of Austin Polytechnical
has been impressive. Students are in class
from 8 to 4:30 and then have after-school
activities. They came in 9th out of 42

teams in the Midwest Robotics Competi-
tion (Fig. 3), and 10th out of 29 teams in
Chicago’s Algebra Competition. 

Various national trade associations have
extended financial support to the Center
for Polytechnical Education, and there has
been a stream of national and local stories
about this new model school — the lastest
being in the Wall Street Journal.

A Competitive Strategy for
Reestablishing Modern
Manufacturing as the Leader in
Our Economy

Through a new determination to lead
the race to the top, the Chicago Manufac-
turing Renaissance Council is mobilizing
the talents of residents and students in
one of Chicago’s poorest communities to
demonstrate the transforming power of a
vibrant manufacturing economy.

Perhaps in the near future, the head-
lines will reflect the growth and opportu-
nities that remain in the manufacturing
economy and optimism will replace the
passive view that has allowed this impor-
tant sector to decay and slip away.◆

Fig. 2 — Project Lead the Way Instructor Anthony Speller con-
ducts the class in a group exercise on cooperation.

Fig. 3 — Austin Polytechnical’s robotics team came in ninth in
the Midwest out of 42 teams. The team members are shown here
after the competition.

Change of Address?
Moving?

Make sure delivery of your Welding
Journal is not interrupted. Contact the
Membership Department with your
new address information — (800) 443-
9353, ext. 217; smateo@aws.org.
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Glasses are amorphous materials with
disordered atomic or molecular structures
that result when any material (ceramic,
metallic, or polymeric) is cooled from its
molten state at a rate higher than what the
material would require to transform into
a more thermodynamically stable crys-
talline structure. The term “glass” is com-
monly associated with the glass derived
from silica (SiO2), limestone
(Ca.CO3/Ca.Mg.CO3), and sodium car-
bonate (Na2CO3). For centuries, the
unique properties of silica glass combined

with the widespread availability of raw
materials have made glass the choice ma-
terial for an enormous number of appli-
cations. In modern glass works, flat glass
(also referred as “float” glass) used in ar-
chitectural or other applications, is pro-
duced by forming glass sheets over a bed
of molten tin in large float tanks.

Over the last few decades, the window
industry has witnessed innovative changes
as a result of many improvements in win-
dow design, performance, and construc-
tion. In particular, the use of insulated

glazing units has become widespread.
They consist of a set of two or more lites
of glass that are spaced apart and sealed
into a single functional unit; the interpanel
cavity is filled with gases, gels, or other
substances to customize the heat transfer
and optical properties of the unit.

Thin-film deposition techniques are
also used to tailor the transmittance, re-
flectivity, and absortivity of architectural
glass. More recently, thin-film deposition
techniques are being utilized to transform
architectural glass into highly functional

JULIO VILLAFUERTE, Ph.D., P.Eng (JVillafuerte@cntrline.com), is director of Research & Development, CenterLine (Windsor) Ltd.,
Windsor, Ont., Canada. 

Simplicity and reliability are

two advantages of low-pressure

cold spray for producing bus

bars in heated and

photovoltaic glass

CCoolldd SSpprraayy::
A Solution for
Architectural
Glass

BY JULIO VILLAFUERTE 

Fig. 1 — Thin-film heated glass installed in an indoor SPA (courtesy of 
Thermique Technologies, LLC, www.thermiquetechnologies.com).
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devices such as heated glass and photo-
voltaic glass. An important characteristic
of these futuristic glass units is their abil-
ity to electrically interconnect with the
outside world. This article discusses the
economical and technical benefits of low-
pressure cold spray technology to provide
such interconnectivity.

Heated Glass

When the temperature differentials
between the inside and outside surfaces
of a glass window are extreme (e.g., dur-
ing cold winters, hot summers, and in re-
frigeration systems) one side of the panel
might be cold enough to promote water
condensation (fogging) or even solidifica-
tion (icing) — if the exposed surface gets
below the dew point of the surroundings.

For many years, antifog and anti-icing
glass has been made by creating on the
glass surface a pattern of fine lines of an
opaque, electrically conductive material.
Screen printing of silver-based frit has
been a common method to create pat-
terns, as well as interconnect bus bars.
This method has been popular for anti-
fog refrigerator doors and rear windows
in automobiles. However, screen printing
is cumbersome, often requiring surface
preparation and postheat treatments at
elevated temperatures. Additionally, sol-
dering of metal lead-outs often requires
stringent techniques to avoid damaging
the printed pattern, and not even to men-
tion that screen-printed lines are visible
and interfere with vision.

Thin-film deposition represents a new
technique for making heated glass with-
out compromising transparency and aes-
thetics. There are a number of metal ox-
ides — also known as transparent conduc-
tive oxides (TCO) — that can be both elec-
trically conductive and transparent. These
materials can also reflect long-wavelength
radiation, providing low-emissivity (low-
E) properties to the glass. Examples of
this type of materials include fluorine-
doped tin oxide (SnO2: F), Indium-tin
oxide (ITO), and thin stacks of oxides and
metallic silver. The high demand for low-
E glass is responsible for the rapid growth
of low-cost tin oxide and metallic silver,
as they both compete in the Low-E win-
dow market. These materials are de-
posited by thin-film deposition methods,
including thermal deposition during the
manufacture of the glass itself, or by phys-
ical or chemical vapor deposition
(PVD/CVD) onto precut sheets of glass.

Thin-film heated glass is very reliable,
as the generated heat is rather evenly dif-
fused over a large surface rather than con-
centrated in a small area. The uniform ra-
diation, especially at moderate tempera-
tures, is one of this technology’s strengths,
often requiring less overall energy for

equivalent performance. Heated glass
adds comfort, condensation control, frost
control, energy efficiency, and excellent
aesthetics — Fig. 1.

Photovoltaic Glass

Solar energy, available for many years
relies on the well-known photoelectric ef-
fect displayed by a number of semicon-
ductor materials. Conventional solar cells
are made from 200- to 400-μm-thick
wafers of pure monocrystalline or poly-
crystalline silicon, providing energy con-
version efficiencies up to 18%. These cells
are normally opaque, but by substituting
the carrier material by glass as well as
spacing the solar cells further apart, they
can be made into semi-transparent mod-
ules. Unfortunately, the high manufactur-
ing cost of pure silicon, coupled with its
relatively low conversion efficiency, have
traditionally limited the widespread use
of solar cells.

In reality, the exposed surface of a solar
cell is effective in converting solar energy
only to a few microns in depth; therefore,
thin-film deposition of silicon has evolved
as a low-cost alternative for the mass pro-
duction of solar cells — Fig. 2A. Unfor-

tunately, thin-film deposition often yields
amorphous silicon that displays conver-
sion efficiencies in the range of 4 to 6%,
much lower than crystalline silicon. The
low conversion efficiencies, however, did
not discourage the massive implementa-
tion of thin-film techniques to produce
solar cells for many solar-powered com-
modities such as calculators, watches, and
toys. Alternative semiconductor materi-
als continue to be explored, including cad-
mium telluride (CdTe) and copper-
Indium-diselenide (CuInSe2). These ma-
terials are claimed to reach conversion ef-
ficiencies as high as 12%. Other methods
to improve conversion efficiencies include
the use of amorphous silicon deposited by
chemical vapor deposition onto textured
glass surfaces, which is then converted
into polycrystalline silicon by controlled
heating — Fig. 2B.

Photovoltaic glass windows (Ref. 1) in-
corporate a semitransparent photovoltaic
film on the exterior glass of traditional
double-panel glass units. The electric
wires extending from the sides of each
glass unit are connected to wires from
other windows, building up the entire sys-
tem. The technology is already available
in Europe but it is still carving its way into

Fig. 2A — Array of thin-film photovoltaic panels (12 kW) made by First Solar LLC, power-
ing an entire building at the University of Toledo Campus, Toledo, Ohio. (Photo courtesy of
the University of Toledo, www.utoledo.edu/research.); B — thin-film photovoltaic glass that
uses polycrystalline silicon crystallized by a heating process (courtesy of CSG Solar,
www.csgsolar.com).

Fig. 3 — Schematic of low-pressure cold spray.
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the U.S. market through pilot programs
by the U.S. Department of Energy. Trans-
parency can be tailored by selectively re-
moving narrow strips of the film using a
laser beam, allowing as much as 12% of
the incident light to pass through. The
view from inside the building looking out
is similar to wearing sunglasses. In archi-
tectural applications, the cost of photo-
voltaic glass can be offset by savings in
building materials, electricity, and cool-
ing costs.

Creating the Electrical
Interconnectivity

In order to make an electrical connec-
tion to heated or photovoltaic glass, bus
bars are created along two opposite edges
of a rectangular sheet. They must be of
low electrical resistance, durable, easy to
connect to, and well adhering. Bus bars
are often created by screen printing of sil-
ver frit on the coated glass surface, which
calls for special pre- and post- treatments.
Many of these secondary processes often
limit the conditions under which a given
glass sheet can be processed, thus affect-
ing the overall cost of manufacturing.

The Cold Spray Way

Cold spray is an emerging solid-state
spraying process in which the coating ma-
terials are not melted; instead, the kinetic
energy of supersonically accelerated solid
particles is converted into interfacial heat
upon impact with the substrate, produc-
ing a combination of mechanical and met-

allurgical bonding (Ref. 2). Cold spray is
capable of producing thick coatings ex-
hibiting extremely low porosity (< 0.5%),
while avoiding oxidation, phase transfor-
mations, and tensile residual stresses for
a wide selection of metals, cermets, and
other material combinations.

In low-pressure cold spraying (Fig. 3),
air or nitrogen at 60–140 lb/in.2 is heated
and directed to a convergent-divergent
(DeLaval) nozzle. At the divergent part
of the nozzle, the expanding gas acceler-
ates to supersonic speeds, while its tem-
perature sharply decreases to less than
100°C. Powder feedstock is injected down-
stream the diverging section of the noz-
zle (Ref. 3), where it gains velocities of up
to 600 m/s. Particles charged with this ki-
netic energy impact the substrate, produc-
ing a combination of metallurgical and
mechanical bonding.

Low-pressure cold spray systems are
compact and economical (Fig. 4), and can
be used to reliably spray a number of con-
ductive materials over glass surfaces at
very low temperatures, without affecting
the glass or requiring any special surface
preparation.

Robotic low-pressure cold spray has al-
ready been successfully used to create bus
bars on heated glass using a proprietary
blend of nonferrous materials — Fig. 5.
Cold sprayed bus bars proved to exceed
the bond strength and electrical resistance
requirements set forth by the industry.
Since cold spray does not require any spe-
cial pre- and/or posttreatment, cost sav-
ings associated with this process have
sparked interest from glass manufactur-
ers. Some of the advantages of cold spray
over traditional screen printing processes
are as follows:

• Minimum setup

• Low-cost materials

• No pre- or posttreatment

• No masking

• High flexibility and easy changeover

• Consistent bonding properties

• No residual stresses 

• Low porosity

• Low oxygen content

• Any glass surface profile

• No special procedure required for 
lead-free soldering of lead outs

Summary

Low-pressure cold spray is an out-
standing alternative solution to silver frit
screen printing to produce bus bars in
heated and photovoltaic glass. Simplicity
and reliability are two of the advantages
of low-pressure cold spray, which will fa-
cilitate the widespread implementation of
functional and environmentally friendly
glass technologies in the marketplace.◆
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Fig. 4 — Low-pressure portable cold spray
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Fig. 5A — Robotic low-pressure cold spray system creating bus bars on architectural glass; B
— schematic of a finished heated-glass unit. (Photo courtesy of SST™, a division of Center-
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Previously, information was presented
on using Microsoft® Excel® for coating
program development (Ref. 1). That in-
formation was centered on defining the
path for the coating of fixed, tubular parts
with robot motion along the axis of the
part.  This paper expands on that to in-
clude complex parts that are rotated dur-
ing the coating operation.  In this case, the
path is known but the velocity profile
along the path needs definition.

The program development was based
on three key factors: 1) the spray pattern
for many thermal spray operations has a
normal distribution, 2) Microsoft Excel
includes normal distribution functions,
and 3) Microsoft Excel has chart tools that

allow for visual feedback to the program-
mer as alternate coating conditions are
compared.

Complex Shape Selected
To illustrate the procedure, a shape was

selected that is typical for plungers used
in the manufacture of bottles.  These steel
plungers are conical in shape (Fig. 1) and
are coated with a tungsten alloy powder.
After coating, the plungers are ground
and polished. 

Prior to the use of robots for gun con-
trol for such parts, the coating was often
applied with a hand-held gun. While the
part rotated on a turntable, operators es-

timated the material being applied to each
area of the plunger, compensating for
variations in each section to the best of
their abilities. With robot control of the
gun, the motion velocity can be pro-
grammed and controlled.  However, with-
out program development, robot pro-
grams tended to be a simple, fixed rate
motion path along the part.

Developing an off-line velocity-profile
program for this type of part involves
seven steps.

1) Determine the distribution charac-
teristics for the spray pattern.

2) Determine the standard deviation
and deposit sectional area for the spray
pattern.

Off-Line Development of
Robot Motion Programs 

DALE R. MOODY (dalermoody@aol.com) is with Plasma Powders and Systems, Inc., Marlboro, N.J. 

Fig. 1 — Conical part to be coated. Fig. 2 — Gun positions.

A conical-shaped

part was used as

an example to

illustrate how

standard Excel®

tools can be used

to design robot

motions in thermal

spray operations

BY DALE R. MOODY

Moody  8  08:Layout 1  7/8/08  7:39 AM  Page 44



45WELDING JOURNAL

3) Develop an array representing the
coating of a plate with the same profile as
the part being coated.

4) Transform the array from a plate to
the cylindrical profile of the part being
coated.

5) Transform that array to correct for
variations in surface velocity.

6) Develop a graphical presentation of
the final profile.

7) Develop the velocity profile for the
selected pattern.

In this example, the surface length
from part base to tip is 135 mm (6 in.).
The part is rotated on a turntable while
the gun traverses along the length.  For
purposes of this analysis, the surface
length is divided into 5-mm (0.22-in.) seg-
ments.  During the spraying operation, the
gun is perpendicular to the local surface
at each point as shown in Fig. 2.

The seven steps of program develop-
ment for the example are described below.

• Distribution Characteristics. Many
thermal spray guns produce a spot pattern
that is not circular. The first step is to spray
a spot on a plate to determine the spot
shape. In the example case, the spot pat-
tern is essentially oval. Parts of the type
being considered here are sprayed with
the major axis of the oval in line with the
direction of gun travel.

• Standard Deviation. The standard
deviation (mm) and deposit sectional area
(micron-mm) are next determined for the
direction of travel for the gun. This is ac-
complished from thickness measurements
of multiple passes of the gun over a flat
plate. A typical section is shown graphi-
cally in Fig. 3.

The standard deviation also needs to
be determined for the minor axis of the
spot using the same approach. This is used
to determine the portion of the spray that
will actually be applied to the part.

• Plate Profile. The coating on a plate
with the same profile (Fig. 4) as the part

to be coated is next determined using the
Excel normal distribution function. One
equation is developed and then copied
across the Excel work spreadsheet. A
small section of the Excel worksheet is
shown in Fig. 5. Column C is the position
of the gun along the plate. Note that pro-
visions are included for starting the gun
off of the part. This Excel worksheet is la-
beled Flat Plate Equivalent. The stand-
off distance is assumed to be fixed at the

same distance as the test plate. 
The equation in Cell AD9 is as follows:

=$B$4*NORMDIST(AD$1,$C9,$B$5,
FALSE)*COS(($D9-AD$3)/57.3)

This equation is copied across cells AD9
to BE44.  The resulting number in each
cell is the thickness of material that would
be applied from one pass of the gun along
the specified path on the plate.

Position, mm
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Fig. 3 — Section of deposit from single pass of the gun on a flat plate.

Fig. 4 — Plate equivalent.

Fig. 5 — Plate equivalent calculations. Fig. 6 — Cylindrical  profile calculations.
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• Cylindrical Profile.  The next step is
to transform the calculated thickness in
each cell from a plate to the cylindrical
shape of the part.  A new worksheet with
the name “Target Correction” is created.
A section of this worksheet is shown in
Fig. 6.

The equation in cell AD5 is

=2*NORMDIST(AD2,0,($B5),TRUE)-1.

This equation uses the standard devi-
ation for the miner axis and represents the
percent of material that will be sprayed
on the cylindrical part as opposed to a flat
plate.  It is copied from cells AD5 to BE5.
The correction is then made by applying
this factor with the equation: ='Flat Plate
Equivalent'!AD9*AD$5 to cell AD8 and
then copying this cell to cells AD8 through
BE43.

• Velocity Correction. The next action
is to correct for the surface velocity.  The
local surface velocity will vary as the ra-
dius.  To implement this correction, a third
worksheet labeled “Speed Correction” is
created — Fig. 7.

In this case, the surface velocity at a
radius of 10 mm is the same as the surface
velocity used during the coating of the test
sample.  Therefore, the correction is made
by the ratio of the local radius to a radius
of 10 mm.  The equation in cell AD6 is
='Target Correction'!AD8/AD$3 and it is
copied from cells AD6 to BE41.

• Graphical Representation. A fourth
worksheet, titled “Build,” is created for
calculating the actual build and creating
a graphical representation of the build.
In this worksheet, the thickness for each
5-mm section is calculated by multiplying
the single-pass thickness by the number
of revolutions (passes).  A section of this
Excel worksheet is illustrated in Fig. 8.

The equation in cell AD4 is
=$A4*'Speed Correction'!AD6.  This is

Fig. 7 — Speed correction calculations. Fig. 8 — Build calculations.
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Fig. 9 — Graphical results of coating cross section.
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Fig. 10 — Velocity profile. Y axis in mm travel per revolution of the part.
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Fig. 11 — Build profile when only two velocities are used in the build.
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copied from cells AD4 to BE39.  The
graph of Fig. 9 is then developed for this
same range using the “Area” chart for
“Rows” and using cells AD1 to BE1 for
the X-Label. The revolutions in column
A for each 5-mm increment are then ad-
justed to achieve the specified thickness.
The resulting graph is shown for a case
where the thickness goal is 130 ±10 mi-
crons.  The chart will automatically adjust
as changes in the number of revolutions
are made to each segment.

• Velocity Profile. Figure 9 represents
the case where the gun moves in 5-mm
steps along the plunger.  In reality, the gun
continually moves at a specified velocity
along the part.  The velocity, in units of
mm/revolution, is calculated from the rev-
olutions for each increment divided by the
length of the increment (5 mm). The re-
sults are in column B in Fig. 8. The veloc-
ity profile is provided in Fig. 10.

In this example, the coating was
achieved with a total of 99 revolutions of
the part.  Without off-line program eval-
uation, the robot programmer will often
use a maximum of two velocities in the
profile.  Figure 11 is a typical result where
some areas are overbuilt in order to

achieve the minimum thickness in other
areas.  In this case, 106 revolutions of the
part were required: a 7% increase in the
coating time, the amount of powder used,
and an increase in the finishing time.

Some effort is required to develop the
first Excel workbook.  However, once de-
veloped, it is easily adapted to a wide
range of plungers. This is accomplished
by changing the angle (row 3) of the flat
plate equivalent worksheet and the radius
(row 2) of the target correction worksheet
for each plunger being considered.  In ad-
dition, the spray pattern data (cross-sec-
tional area and standard deviation) are
applicable to any part that is sprayed with
the same parameters.  This information
could be regularly included in the param-
eter data sheets.

Excel Makes It Possible to
Optimize the Operation

In summary, the normal distribution
characteristic of the thermal spray deposit
along with the tools available in Excel
make it possible to evaluate robot coating
programs offline.  This can provide insight

into what is taking place during the coat-
ing operations and presents an opportu-
nity to optimize these operations.♦
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For George Baldree, who is an ex-
ceptionally energetic man, welding
is more than a useful skill or a good

career — welding is his passion. 
Baldree is a welding engineer at Kep-

pel AmFels, a prominent yard in the
Brownsville, Tex., area, specializing in the
construction, upgrade, and repair of off-
shore drilling rigs. He has been concerned
with the severe shortage of qualified
welders in the area, and the deficient skills
of the entry-level welders for some time
now. Putting it nicely, he said, “Most are
not industry-ready.”

Brownsville, located at the confluence
of the Rio Grande River and the Gulf of
Mexico and at the United States and Mex-
ico border, is one of the more economi-
cally repressed regions of the country. 

Determined to make a difference in
the lives of poverty-stricken teenagers
there and to help address the national
welder shortage, Baldree, on his own time
and of his own initiative, presented to each

of the local schools his proposal for intro-
ducing a high-quality welding program
that would train high school students to
become qualified welders by the time they
graduated.

Baldree reasoned to them that such a
program would provide his company,
Keppel AmFels, and other area compa-
nies access to employable, highly skilled
entry-level welders. The students would
have a great opportunity to learn a well-
paying skill, and the schools would get sat-
isfaction from seeing their graduates
move on to rewarding careers.

Gaining Momentum

Baldree’s persistence paid off when he
met Shannon Milum, the career technol-
ogy director at Los Fresnos High School.

Los Fresnos High School is located just
outside of Brownsville. It has not been ex-
empt from the area’s economic woes.
Roughly 90% of the school’s 2400 students

qualify for free meals and, because of lan-
guage barriers and other obstacles, many
of its students have little hope of escaping
the cycle of poverty that they’ve known
their entire lives. 

Milum told Baldree she wanted to
launch some type of meaningful industrial
training for the students, and his welding
program was just the thing she had in
mind. Baldree recommended the school
adopt the American Welding Society’s
SENSE (Schools Excelling through Na-
tional Skills Education) program, which
offers a broad-based curriculum and is an
accepted standard for many states and
employers.

Milum approved the idea and shortly
thereafter, Baldree visited an agricultural
sciences class to learn if the students
would be interested in taking a course in
welding.

“I was up there in front of 25 young-
sters explaining what welding is,” Baldree
recalls. “I told them about the jobs that are

MIKE CRAWFORD (hobart@hobartbrothers.com) is product manager, stick electrodes; and RUSS MCCLELLAN is an account
manager at Hobart Brothers Co.

BY MIKE CRAWFORD AND RUSS MCCLELLAN

Engineer Motivates Texas
Schools to Offer Career

Courses in Welding 

Engineer Motivates Texas
Schools to Offer Career

Courses in Welding 

Students at Los Fresnos High School learn flux cored arc welding  as part of the new welding program curriculum.
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available and how much they could earn as
a welder. Those kids just sat there in com-
plete silence. At the end, I asked if they
would like to take a class to become
welders and nearly every one of them said
they would.”

The school’s principal, Dr. Virginia
Miller, was equally enthused and decided
to start the course immediately, beginning
with the spring semester.

Edwin Rivera, a teacher in the Agri-
cultural Sciences department at the
school, agreed to teach the class. Without
any previous formal welding training,
Rivera went through an accelerated two-
week-long crash course on teaching weld-
ing during his 2006 winter vacation. 

Impressed with Baldree and the Los
Fresnos High School’s efforts, filler metal
manufacturer Hobart Brothers Co. do-
nated shielded metal arc welding
(SMAW) electrodes and tubular wire sup-
plies to the upstart program. Keppel Am-
Fels also donated 500 lb of SMAW elec-
trodes to the program.

The school purchased 15 new welding
machines from Miller Electric Mfg. Co. to
complement the three existing welding
machines, and when the students arrived
for the start of the second semester in early
January, the class was up and running.

A Great Start

Limited only by the number of avail-
able welding units and teacher time, the
school offered three classes of 18 students
per class for the first semester. Priority was
given to seniors, and then to juniors. The
course was so popular, the school had to
turn away nearly 50 students because of a
lack of space.

The welding class met every day for 90
min, which Rivera said gave them time for
both classroom instruction and time in the
lab to practice what they had just learned
in the classroom. Students were graded at
the end of each day on the visual quality of
their welds.

Rivera continued his welding educa-
tion once the class was underway. He ob-
tained his qualification in plate welding
through a five-week course at the Allied
Skills Training Center in Brownsville. 

The students started off learning
shielded metal arc welding, simply run-
ning beads along the surface of a plate.
Once their beads were looking proficient,
they began flat groove welds and by their
mid-term exams, they were expected to
perform horizontal welds. 

For the final exam, students were re-
quired to properly set up the machine and
complete a satisfactory SMA weld in each
position — flat, horizontal, vertical, and
overhead.

“We had no idea what to expect,”
Rivera said. “A lot of the kids had never

touched a welding machine before, and by
the end of the semester, most of them
were welding in the overhead position.” 

A Bright Future

Starting the course in the spring se-
mester provided somewhat of a test run
for the school, allowing the staff to iden-
tify and resolve any problems and deter-
mine a good pace for the instruction. 

Knowing what they do now, Rivera
said, he is even more excited for the future
potential of the class. “We definitely want
to take it further,” he said. “Now that we
know how far we can go in 18 weeks and
what types of instruction take the most
time, we’ll be able to structure the full-
year class so that we can spend extra time
on certain techniques and processes and a
little less time on those that the students
pick up right away.”

The full-year class begins with instruc-
tion on SMAW then moves on to flux
cored welding once that unit is completed.
“Having already learned the hard stuff in
the SMAW unit, the students should be
able to pick up flux cored arc welding very
quickly,” Rivera said.

More instruction time isn’t the only
thing planned for the course’s future.
“We’re going to get a bending machine

and some other machines and tools so that
we can conduct destructive tests on the
students’ welds,” Rivera said. “Basically,
the only thing holding us back from ex-
panding the program is space.”

If the popularity of the program con-
tinues, however, that too could be a tem-
porary restriction. The district is building
a new high school, and Rivera has high
hopes for a new welding lab being created
for the class of incoming freshmen.

And if Baldree has his way, Los Fres-
nos will be the first in a long line of high
schools with a renewed emphasis on weld-
ing and skilled trades education programs.

“I want this to be a prototype pro-
gram,” Baldree explained. “We set it up so
that it can be duplicated in any high school
anywhere in the country. I’ve already got
two other high schools that are interested
and a third and fourth that I think are ripe
for a program like this.”

With the success of the Los Fresnos
program as a model, it’s not difficult to be-
lieve Baldree will succeed in convincing
other schools to introduce quality welding
courses into their programs. Already, sev-
eral Los Fresnos High School welding pro-
gram graduates have begun welding at the
Keppel AmFels training center and are
making their way through the company’s
program with flying colors.♦

A student practices welding at Los Fresnos High School as part of its innovative welder ca-
reer training program.
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Welding and thermal spraying are both
widely used to provide surface enhance-
ment to metallic substrates. Wear resist-
ance, corrosion resistance, surface finish
and thermal or electrical conductivity are
all examples of surface properties that can
be substantially altered by applying a weld
or thermal spray coating. Often, thermal
spray deposits are subsequently fused to
further enhance the deposit characteristics.

This article examines critical proper-
ties of three wires that are applied by these
processes, to provide increased wear and
corrosion resistance for severe wear 
applications.

Methods of Deposition

The samples for testing were prepared
using the following deposition techniques:

Gas Metal Arc Welding — This
method was used to apply the welded de-
posits. Described simply, the process con-
sists of striking an arc between a consum-
able electrode of the feedstock material
and the substrate, while using a shielding
gas — Fig. 1. The weld metal fuses with
the substrate, creating a very dense, met-
allurgically bonded deposit.

Wire Arc Spray — This is the most
widely used method of applying wire de-
posits by thermal spraying. Two feedstock
wires are isolated and brought to an in-
tersecting point, where voltage is applied

across the wires establishing an arc that
melts the tips of the wires. An atomizing
gas, normally air, is directed across the arc
zone. The atomized particles are acceler-
ated and propelled onto the substrate to
build up a coating deposit. The surface
deposit is mechanically bonded and will
typically contain a degree of oxide and
porosity.

Spray and Fuse — It is common to fuse

thermal spray coatings after deposition to
eliminate porosity in the deposit and im-
prove bond strength and impact resist-
ance. This involves heating the coating to
its fusing temperature by use of a torch,
oven, laser, or other technique. The wire
arc sprayed deposits were fused in this
study by using a rosebud torch with a neu-
tral flame (Fig. 2) to approximately 2400°F
(1300°C).

Deposition Process 
Advantages

While each deposition process has its
unique advantages and limitations (Table
1), all are widely used in a number of suc-
cessful applications. Weld surfacing has a
metallurgical bond that makes it particu-
larly effective for high-impact applications
such as crushing or digging in the mining,
oil field, cement, and power generation in-
dustries. Weld surfacing also has virtually
no porosity, which makes it very effective
in wet corrosion applications, such as chem-
ical storage tanks, pulp and paper process-
ing, and petrochemical applications.

Wire arc spray deposits have a me-
chanical bond and are less successful
under impact. The porosity of the coat-
ings makes a sealer necessary for wet cor-
rosion applications. But, the high speed
and ease of application make it ideal for
on-site work, such as boiler tubes in the
power generation industry.  And, as it puts

Mechanical properties of deposits for three different alloys were evaluated

BY ROBERT H. UNGER, RICHARD D. COOK, AND WILLIAM C. MOSIER
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Fig. 1 — Gas metal arc welding.
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very little heat into the substrate, it is often
the process of choice for applying metal
coatings to thin or nonmetallic substrates,
where distortion or even melting of the
substrate is a concern. The lack of any di-
lution (mixing of coating and substrate)
make thin coatings down to 1–2 mils pos-
sible, without sacrificing the properties of
the coating.

Fusing of the arc spray coatings is an
added step in the process, but, it can often
“bridge the gap” between arc spray and
welding, by eliminating the porosity of the
arc spray coatings and improving the bond
from mechanical to metallurgical.  While
fusing has been primarily used in the past
for powder flame spraying NiCrBSi ma-
terials, it is now being evaluated for sev-
eral severe applications using arc spray
deposition.

Materials Tested

Three materials were chosen for testing.
• PMet 273, FeCrBSi amorphous alloy 
• PMET 860BC, Alloy 625 with boron

carbide
• PolyTung NiCrBWC
All three materials have shown success

in high-wear applications in both welded
and sprayed form. 

The materials are manufactured using
a special cored wire technology. This con-
sists of starting with a metal strip, which
is first formed into a channel. Powder is
fed into the strip channel to achieve the
desired final composition. The
strip/powder is then passed through dies
to close the seam and reduce the wire to
the final diameter. Cored wire technology
allows unique compositions, many of
which could not be made by normal wire
drawing techniques, to be formulated and
manufactured quickly and economically.

Evaluation Tests Performed

The following tests were performed on
all materials — Fig. 3:

• Metallography (photomicrographs
at 200 X)

• Microhardness — Vickers  (ASTM
E384)

• Abrasion test  (ASTM G65, 6000 cy-
cles)

• Adhesive bond strength test (ASTM
C633)

Evaluation Test Results

Metallography — 200-X photomicro-
graphs were prepared for all samples. The
results are shown in Figs. 4–6.

The arc sprayed deposits exhibit the
lamellar structure common to thermal

spray. A small degree of porosity and
oxide can also be noted, as well as the pres-
ence of discreet unmelted tungsten car-
bide particles in the PolyTung NiCrBWC
material (Fig. 6) and a large degree of
amorphous structure in the PMET 273  —
Fig. 4.

The welded deposits show a much
denser, homogeneous structure and lack
of oxide. The presence of evenly dispersed

Table 2 — ASTM C633 Adhesive Bond Strength Results

273 273 273 860BC 860BC 860BC NiCrBWC NiCrBWC NiCrBWC
Sprayed Sprayed Welded Sprayed Sprayed Welded Sprayed Sprayed Welded

and and and
Fused Fused Fused

Bond
Strength 7.2 >12.0 >12.0 8.4 >12.0 >12.0 10.7 >12.0 >12.0
(ksi)

Table 1 — Comparison of  Welding vs. Arc Spraying

Welding Arc Spraying

Metallurgical bond Mechanical bond
Dilution at weld/substrate interface No dilution at deposit/substrate interface
Weld metal is 100% dense Coating is 95–98% dense
No porosity May be some through porosity
Weld deposit typically 0.125 in./pass Coating typically 0.002–0.005 in./pass
Can be considerable distortion of the substrate Usually no distortion of the substrate
Weld metal contains no oxides Coating contains considerable oxides (5–10%)
Weld metal good under impact Coatings not good under impact

Fig.  2 —  Spray and fuse.
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boron carbides, chrome borides, and
chrome carbides can be seen in the alloys,
as well as some unmelted tungsten car-
bide particles in the PolyTung NiCrBWC
material — Fig. 4.

The spray and fuse deposits clearly
show that all three materials transformed
in structure from the as-sprayed condition
to look much more similar to the welded
deposits in all respects — Figs. 4–6. The
diamond-shaped indentations from the
microhardness tests can be seen on sev-
eral coupons.

Microhardness Vickers — All materi-
als were tested for microhardness Vick-
ers, ASTM E384  — Fig. 7.  The as-sprayed
deposits were universally the hardest
form, showing very hard test results of
1010–1037 Vickers.  When fused, the coat-
ings became considerably softer (675–695
Vickers). The welded deposits displayed
the least hardness (430–608 Vickers).

Fig. 3 — Test coupons of all materials.

Fig. 4 — PMET 273 amorphous alloy 
(200X).

Fig. 5 — 860BC Alloy 625 with boron car-
bide (200 X).

Fig. 6 — NiCrBWC (200 X).
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Abrasion Test — All materials were
subjected to the ASTM G65 abrasion test
at 6000 cycles.  This test is an aggressive
wear test, which uses a rubber wheel ap-
plied against the test material with a given
force. Sand is introduced between the
wheel and the coupon at a controlled rate,
to serve as the abrasive media — Fig. 8.

Results for mild steel, hard chromium
plating, and tool steel were added for com-
parison. All the sprayed, welded, and
spray and fuse samples proved to be sub-
stantially (30–80%) more wear-resistant
than hard chrome plating or tool steel  —
Fig. 9. The welded coupons proved the
most wear-resistant. Fusing increased the
wear-resistance of the sprayed coupons in
all instances.

Interestingly, the sprayed coupons be-
came softer when fused, but improved in
wear-resistance, most likely an indication
of improved integrity of the deposit as a
result of the fusing operation.

Adhesive Bond Strength Tests — All
materials were tested for bond strength,
using the ASTM C633 adhesive bond test.
All bond results were excellent, a mini-
mum of 7200 lb/in.2 and in most cases, ex-

ceeding the strength of the adhesive, 
> 12,000 lb/in.2 (Table 2). The fusing 
operation increased the bond strength of
the sprayed deposits in all instances.

Applications

Several high-wear applications are cur-
rently using these materials successfully
or have been identified as targets for fur-
ther testing and study. These include:

• Boiler tubes (Fig. 10)
• Coal-fired power generation
• Waste-to-energy power generation
• Black liquor recovery in the paper

industry
• BOF hoods in the steel industry
• Rolls in the steel industry
• Fans in the power generation 

industry

Conclusions

• PMet 273,  PMet 860BC, and Poly
Tung NiCrBWC all produced hard, wear-
resistant deposits when arc sprayed,
sprayed and fused, or welded.

• All three arc sprayed deposits can be
successfully fused.

• The deposits are harder as sprayed,
but more wear resistant when subse-
quently fused.

• The welded samples proved the most
wear-resistant.

• Fusing the coatings also increased
the density and bond strength of the coat-
ings.

• Applications include boiler tubes,
rolls and fans in the power generation,
steel, and pulp and paper industries.◆

Fig. 7 — Microhardness test results.

Fig. 9 — ASTM G65 test results (6000 cycles). 

Fig. 8 — ASTM G65 abrasion test.

Fig. 10 — Boiler tubes being wire arc sprayed 
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ABC Testing Incorporated
Founded 1981

ABC Testing Incorporated was founded
by Carleton A. Richardson out of his
home in Bridgewater, Massachusetts.
The business has remained in the family
with his son Bruce taking over in 2003. 
He is a 1982 Northeastern University
graduate with a degree in Mechanical 
Engineering,  ASNT certified level III,
AWS certified welding inspector (CWI),
and NYDOT certified ultrasonic 
inspector.  We are celebrating our 25th
year in business in 2006. Our number 1 
commitment is customer service.  ABC
Testing Incorporated is certified as
ASNT SNT TC 1A, level III in 
Ultrasonic, Radiography, Magnetic 
Particle, Liquid Penetrant. and Visual.
We have several AWS Certified 
Welding Inspectors on staff.  We can
provide inspectors certified by the
NYDOT in ultrasonic testing.  We are
also certified by ABS to perform ship
hull thickness surveys.  We are Veriforce
certified for inspection of gas pipelines.
Visit our website to see what we have to
offer or contact us with any questions
you may have.

ABC Testing Incorporated
95 First Street 

Post Office Box 868 
Bridgewater, MA 02324

(508) 697-6068
Fax: (508) 697-6154

www.abcndt.com

Alloy Sales
Founded 1982

Alloy Sales is an independent distributor
of specialty alloys for use in the 
metalworking industries worldwide. Our
product line consists of high alloy 
consumables for welding and surfacing
applications, thermal spray equipment,
spray powders and wires, and corrosion
resistant polymer coatings.  These high
quality products are manufactured in
the United States, Canada, Europe, and
Asia. They are selected for their 
approvals in the various industries that
Alloy Sales services including 
aerospace, mining, pulp and paper,
shipbuilding, and oil and gas drilling,
production, and refining.  Alloy Sales
has grown to be a company specializing
in "Wear Technology".

103-7198 Vantage Way
Delta, BC, Canada V4G 1K7

(604) 940-9930
Toll Free:(800) 652-5569

Fax: (604) 940-9952

Ardleigh Minerals, Inc.
Founded 1994

Ardleigh Minerals is a specialty recycler
providing one-stop recycling services 
for aerospace, automotive and implant
manufacturers and their suppliers.  
Recyclable materials include thermal
spray and HVOF powders and dust 
that contain cobalt, copper, indium,
molybdenum, nickel and tungsten,
among others. Also, blast media (alox,
glass, plastic, shot, SiC), filters, chips,
grindings, turnings, nozzles, shields, 
and swarf.  Ardleigh also recycles 
PMA including gold, silver, platinum
and palladium.  Ardleigh provides 
certified destruction certificates for
component parts.

Fabtech Intl/AWS Show Booth 10221

3645 Warrensville Center Road
Suite 223

Shaker Heights, OH 44122
(216) 921-6500

Fax: (216) 921-3840
www.ardleigh.net
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An Important Event on Its Way?
Send information on upcoming events to the Welding Journal Dept., 550 NW LeJeune Rd., Miami, FL 33126. Items
can also be sent via FAX to (305) 443-7404 or by e-mail to woodward@aws.org.

Do You Have Some News to Tell Us?
If you have a news item that might interest the readers of the Welding Journal, send it to the following address:
Welding Journal Dept.
Attn: Mary Ruth Johnsen
550 NW LeJeune Rd.
Miami, FL 33126.
Items can also be sent via FAX to (305) 443-7404 or by e-mail to mjohnsen@aws.org.
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ASB Industries

Surfacing Technology: Thermal Spray
and High Pressure Cold Spray Services
ASB Industries in Ohio, USA.

• ASB utilizes all thermal spray 
processes allowing flexibility using
surface technologies that yield 
optimum equipment performance

• Machining capabilities include large
grinding and turning to meet surface
finish requirements and dimensional
accuracy

• High pressure Cold Spray (HpCS)
services and North American CGT
Cold Gas Technologies equipment
sales along with coordinated efforts
with Linde Gas

• Research and project Development
along with in-house metallographic
laboratory

CGT 4000 Cold Gas Spray System

Fabtech Intl/AWS Show Booth 14029

1031 Lambert Street
Barberton, OH  44203 USA

(330) 753-8458
E-mail: info@asbindustries.com

www.asbindustries.com

CenterLine (Windsor) LTD
Founded 1957

CenterLine (Windsor) Limited's exciting
new Low Pressure Cold Spray 
Technology.  Dr. Julio Villafuerte's 
article, entitled "Cold Spray: The Future
of Architectural Glass Applications",
explains how revolutionary Cold or 
Kinetic Spray has changed how manu-
facturers produce some of the world's
most amazing specialty glass. This
patented technology allows for 
incredible manufacturing cost saving,

while producing a better finished 
product.  For more information on Cold
Spray or any of CenterLine's popular
Resistance Welding products please
call, email or visit our website.

(519) 734-8464 
Fax: (519) 734-2003 

www.CNTRLINE.com/sst 

Cincinnati Thermal Spray, Inc.

CTS is a world class surface enhance-
ment and machining business offering
thermal spray coatings, dry film lubri-
cant coating and wear component man-
ufacturing. We hold many quality
system certifications and are focused on
exceeding our customers’ expectations
in terms of customer service excellence
and technical performance. We design
coating systems for a wide range of 
industrial uses and can often manufac-
ture wear components complete. We
have plants in Ohio, North Carolina,
New Jersey and Texas and from that
base, service customers around the
world. Let us help you improve the 
performance of your components by 
selectively applying top quality metal,
ceramic and lubricating coatings.

Fabtech Intl/AWS Show Booth 10181

Cincinnati Thermal Spray, Inc.
5901 Creek Road 

Cincinnati, OH 45242
(513) 793-0670

Fax: (513) 793-4254
www.cts-inc.net

Deloro Stellite
Founded 1907

Deloro Stellite is a global provider of
wear-resistant, alloy-based materials
and components. We deliver advanced
wear protection for demanding envi-
ronments in which heat, corrosion and
abrasion limit product life. Our indus-
try recognized thermal spray powder
brands include Stellite®, Tribaloy® and
Jet Kote®. Deloro Stellite also offers
equipment, controls, accessories, and
coating services for a total solution.
Our Jet Kote® brand is the original in
commercial HVOF equipment and has
been used in coatings applications for
various industries including aerospace,
oil and gas and power generation.

Fabtech Intl/AWS Show Booth 11095

1201 Eisenhower Drive North
Goshen, Indiana 46526

(574) 534-2585
www.stellite.com
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Donaldson Torit 
Dust Collectors & Filters,
Donaldson Company, Inc.

Founded 1915 

Donaldson® Torit® Downflo® and
Oval (DFO) dust collectors with Ultra-
Web® nanofiber filters are the ideal 
solution for thermal spray applications.
Rated MERV 13, Ultra-Web provides
high efficiency filtration, yet lasts 
typically twice as long as other filters.
Get cleaner air – with Donaldson Torit! 

Fabtech Intl/AWS Show Booth 7020

World Headquarters
1400 W. 94th St – PO Box 1299
Minneapolis MN 55440 USA

(952) 887-3131
www.donaldsontorit.com

Genie Products Inc.
Founded 1981

Genie Products has been successfully
supplying the metallizing industry with
quality replacement parts and consum-
ables for over a quarter century. In
house manufacturing allows us to main-
tain excellent control over our quality,
insuring our customers receive superior
products. We stock over 2500 items to
insure same or next day shipments.
Also, as part of our 100% customer 
satisfaction policy, custom engineered
replacement torch parts are designed
for most applications. For all your ther-
mal spray consumable parts, powders
and equipment needs, Genie Products is
your number one source.

Fabtech Intl/AWS Show Booth 10191

PO Box 1028
Rosman, NC 28772-1028

(828) 862-4772
Fax: (828) 877-3480

www.genieproducts.com

H.C. Starck, Inc.

H.C. Starck, one of the major producers
of tungsten and molybdenum powders,
is a global business with 13 production
sites located in Europe, North America
and Asia. Our technological excellence
and well-established record of product
innovation, encompasses metal, ceramic
and thermal spray powders. With our
high-quality AMPERIT® powders 
we supply markets in the aerospace, 
automotive and energy sectors. 

Our AMPERWELD® cast tungsten
carbide is known for:
• Highest hardness (2400-3000 HV 0.1)
• Best weldability
• Superior wear resistance
• High purity

Fabtech Intl/AWS Show Booth 10180

Contact: James Ryan
james.ryan@hcstarck.com

(513) 942-2815

International
Thermal Spray Association

Founded 1947 

The International Thermal Spray Association
is a professional trade organization dedi-
cated to expanding the use of thermal spray
technologies for the benefit of industry and
society. Once known as Metallizing Service
Contractors, the association has been
closely tied to almost all major advances in
thermal spray technology, equipment and
materials, industry events, education, 
standards and market development in
North and South America. Considered the
trade association of the thermal spray in-
dustry, ITSA membership represents a
broad spectrum of thermal spray markets

throughout the world. Contact us for copies
of our “What Is Thermal Spray?” and
SPRAYTIME™ newsletter publications.

Fabtech Intl/AWS Show Booth 10186

For more information, contact 
Kathy Dusa

(440) 357-5400
itsa@thermalspray.org  
www.thermalspray.org

Hayden Corporation
Founded 1919

Hayden Corporation's expertise in wear
protection spans three generations and
multiple industries. Our experience with
the strictest tolerances and standards
(military, aerospace, proprietary applica-
tions, etc.) helps us solve clients' engi-
neering challenges, not just their service
needs. Specialized capabilities make Hay-
den a unique resource in the Northeast:
1) Our own metallurgy lab; 2) 
In-the-field thermal spray service, elimi-
nating time and shipping expenses; and
3) CNC-guided laser cladding services for
intricate wear surfaces. In addition to the
full range of thermal spray coating
processes, Hayden also has in house 
machining capability for preparing and
finish grinding customer components.

333 River St
West Springfield, MA 01089-3603

(413) 734-4981
Fax: (413) 785-5052   

www.haydencorp.com 
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HFW Industries, Inc.
Founded 1950

HFW Industries is a manufacturer of 
machine components and industrial
equipment, specializing in the integration
of heat, wear, and corrosion resistant
coatings to provide a complete single
source for our customers’ manufacturing
and repair needs. Our strength comes
from a combination of state-of-the-art
manufacturing capabilities, exceptional
operating processes, and most impor-
tantly, a well trained and experienced staff
of over 70 employees. HFW provides an
extensive range of services in a modern
70,000 square foot facility: 
• Thermal spraying via metallize, 

sprayweld, Rokide, plasma spray 
and HVOF 

• Hardfacing  via PTA, subarc, TIG,
MIG, and oxy-acetylene torch 

• Machining – Conventional and 
CNC turning to 54 in. diameter 
x 26 ft. Milling of all types, 
including CNC machining centers. 

• Precision Finishing — Internal, 
surface, and cylindrical grinding with
temperature controlled grinding 
facilities for extremely close tolerances. 

• Assembly — including hydro-testing
and dynamic balancing.

196 Philadelphia St. / P.O. Box 8
Buffalo, NY  14207-0008

(716) 875-3380 
Fax: (716) 875-3385

www.hfwindustries.com

National Coating 
Technologies Inc.

Founded 1971

NCT is an independent, full service,
multi-process thermal spray job shop in
Winnipeg, Manitoba. We serve major
clients in other parts of Canada and the
USA in addition to our natural cus-
tomer base in Manitoba, Saskatchewan
and northwestern Ontario. We provide
thermal spray coating services and man-
ufacture products in which thermal
spray coatings are an integral part. 
We have the machining and grinding 
capabilities necessary to support our
core business. Our recent addition of
cold spray equipment will expand our 
capabilities, especially in repair and 
rebuilding. NCT supplies products and
services to many different industries, 
including pulp and paper, mining, 
manufacturing, petrochemicals and 
utilities. Our long-standing ISO 9001
registration attests to our commitment 
to quality.

National Coating Technologies Inc.
1975 Logan Avenue

Winnipeg, MB, Canada R2R 0H8
(204) 632-5585

Fax: (204) 694-3282
www.nationalcoating.com

Nooter Construction 
Company
Founded 1896

Nooter Construction Company’s 
thermal spray division provides wear and
corrosion protection solutions to 
production facilities including petroleum
and chemical refining, fossil and hydro
power, pulp and paper, mining and 
related heavy industries. Utilizing the
most effective and efficient thermal
process, coupled with proprietary 
composite wire products, NCC provides
an alternative to protect or repair 
critical components and equipment 
subject to severe corrosive, abrasive or
erosive environments including those 
operating at high temperatures as well as
reducing and oxidizing atmospheres.
Nooter’s field service crews bring equip-
ment and materials to you allowing for
reduced schedule downtime as coatings
are applied in place. Contact Nooter to
discuss solutions aimed at improved
equipment and process reliability.

Fabtech Intl/AWS Show Booth 10170 
with St. Louis Metallizing 

Nooter Construction Company 
St. Louis, MO
(314) 421-7600

Philadelphia, PA 
(215) 638-7474

thermalspray@nooter.com
www.nooterconstruction.com
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North America’s Largest Metal Forming,
Fabricating & Welding Event
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Polymet Corporation

Polymet is a world-class manufacturer of
high-performance welding, hardfacing
and thermal spray wire. Our manufac-
turing processes include a patented hot
extruded forged wire process, rolling,
die drawing, and alloy cored wire fabri-
cation. Polymet’s multiple wire process-
ing capabilities allows it to be an
innovator in problem solving. The high
quality products provide protection
against, abrasion, corrosion, impact and
high temperature application for the
aerospace, automotive, chemical, petro-
chemical, cement, mining, lumber,
power generating, and other industries. 

Fabtech Intl/AWS Show Booth 10163

10073 Commerce Park Drive
Cincinnati, OH  45246

(513) 874-3586
Fax: (513) 874-2880

E-mail: sales@polymet.us
www.polymet.us

ATTENTION: 
THERMAL SPRAY MARKETEERS

We would like to thank you for 
advertising in the second Thermal Spray
profile of this type that AWS Welding
Journal has published.  We will offer it
again in the 2009.

If you would like more information on
how to include your company in the next
Thermal Spray profile in 2009, please
contact us by email at salty@aws.org or
garrigan@aws.org or you can call us at 
1-800-443-9353 Ext. 243 or 220.

St. Louis Metallizing —
Thermal Spray Solutions

Founded 1934

St. Louis Metallizing, has been a world
leader in developing and applying thermal
spray coatings for a variety of industries
utilizing the many uses of metal alloy, 
ceramic and carbide coatings to minimize
wear, corrosion and is a leader in the
HVOF Chrome Replacement surge. We
are a broad based company catering 
to many industries: power, chemical,
petrochemical, construction, mining, pulp
and paper, aerospace, printing, OEM/
aftermarket, and others. We understand
and implement the many benefits that
thermal spray process offers: reduced
cost, versatility, thickness range, 
processing speed, material selection,
among many others. St. Louis Metallizing
craftsmen have been working with a va-
riety of industries over the past 70+
years to develop effective coatings 
applied by thermal spray. SLM has 
developed several spray application 
innovations and streamlined the finishing
process which results in customers 
receiving higher quality, better pricing
and faster delivery. Large projects, mid
rate production runs are all welcome! 
St. Louis Metallizing offers a publication
to any interested person who may find a
use for the thermal spray application in
their industry.  Visit our new website.

Fabtech Intl/AWS Show Booth 10170

4123 Sarpy Ave.
St. Louis, MO 63110

Michael Stone, Head of Sales 
E-mail: Mstone@slmco.info

www.stlmetallizing.com

Sulzer Metco

Sulzer Metco is the worldwide leader for
advanced thermal spray materials, 
integrated systems, and equipment for
all thermal spray processes, specialized
coating and surfacing services, high
quality braze and weld hardfacing 
materials and global customer support
services. Visit our booth in the 
thermal spray pavilion at FABTECH 

International & AWS Welding Show 
to unravel your toughest surface 
engineering and joining applications.

Fabtech Intl/AWS Show Booth 1094

Sulzer Metco (US) Inc.
1101 Prospect Ave.

Westbury, NY 11590
(516) 334-1300

Fax: (516) 338-2414
www.sulzermetco.com

TAFA Incorporated

With over 30 years of equipment, 
applications and coatings experience,
TAFA Incorporated is a recognized
leader in the thermal spray industry.
Whether you need thermal spray 
materials, equipment, spare parts, fully
automated coating systems or technical
support and assistance; TAFA has the
solution you can rely on. Our product
line includes carbide, metallic and 
ceramic powders, wires, and spare parts
complemented by our reliable and
rugged HVOF, plasma, and arc spray
equipment. Application by application,
we offer the appropriate thermal spray
process and the right material to do the
job properly and cost-effectively.

Fabtech Intl/AWS Show Booth 10211

TAFA Incorporated
A Praxair Surface Technologies Company

146 Pembroke Road
Concord, NH 03301

(603) 224-9585
www.praxair.com/thermalspray

THERMAL SPRAY PROFILES (advertisement)

AUGUST 200858

ThermalSprayProfile2008:April School Profiles 2007  7/8/08  3:20 PM  Page 58



For Info go to www.aws.org/ad-index

thermadyne:FP_TEMP  7/8/08  2:57 PM  Page 59



Howard E. and Wilma J. Adkins
Memorial Scholarship

Jody Heusman
Ferris State University

Welding Engineering Technology

“I am honored to receive the Howard E.
and Wilma J. Adkins Scholarship. I

would like to thank the AWS Foundation
for all the support that it provides. I

would also like to thank the scholarship
committee for selecting me as the

recipient of the award which will help
me achieve my goals in becoming a

welding engineer.”

Airgas–Jerry Baker Scholarship

Scott Allen
Weber State University

Manufacturing Engineering – Welding
Emphasis

“I love my program at Weber State. I am
fascinated every day learning more and
more about all aspects of the welding

field. From the electricity, to the
chemistry and physics involved in the
process. I will always be involved in

welding engineering.”

Airgas–Terry Jarvis Memorial
Scholarship

Tanner Patterson
Montana Tech of the

University of Montana
Engineering – Mechanical and Welding

Option

“I am extremely honored to have been
selected for the Airgas-Terry Jarvis

Memorial Scholarship. I would like to
thank the American Welding Society

along with Airgas for their support as I
continue to further my education in

Welding Engineering.”

William A. and Ann M. Brothers
Scholarship

Howah Lui
The Ohio State University

Welding Engineering

“I am honored and grateful to be the
recipient of the William A. and Ann M.
Brothers Scholarship. I would like to

thank the AWS selection committee for
selecting me and helping me further my

education in welding engineering.”

Donald F. Hastings Scholarship

Reuben Brooks
LeTourneau University

Materials Joining Engineering

“As I continue my studies in materials
joining engineering, I am honored to

have been awarded the Donald F.
Hastings Scholarship. Thanks to this
generous support, I will be able to

continue my pursuit of a career in the
materials joining industry.”

Donald and Shirley Hastings
Scholarship

Westley A. Smith
Pennsylvania College of Technology
Welding and Fabrication Engineering

Technology

“I am truly honored to be the recipient of
the Donald and Shirley Hastings

Scholarship. I would first like to thank the
Hastings family for the generous funding
provided for my education. Also, I would

like to thank AWS for their continued
dedication to the betterment of the

welding industry.”

John C. Lincoln Memorial
Scholarship

Anna M. Wolfgang-Biggs
LeTourneau University

Materials Joining Engineering

“I would like to thank Lincoln Electric and
the John C. Lincoln Memorial

Scholarship fund for giving me the
resources to continue my education at
LeTourneau University. I also thank the

AWS Foundation for their efforts in
organizing all of the funding necessary

to make all of this possible, but above all
I thank my Lord Jesus Christ, for without

Him, nothing is possible.”

Matsuo Bridge Company Ltd. of
Japan Scholarship

Kenneth R. Martin III
LeTourneau University

Materials Joining Engineering
Technology

“I would like to thank the Matsuo Bridge
Company Ltd. of Japan and the

American Welding Society for the honor
of receiving this prestigious award. I am
very thankful for the opportunity to be

supported financially with this
scholarship in my journey of pursing my
materials joining degree in the field of

engineering.”

Past Presidents Scholarship

Kenneth A. Bean, Jr.
LeTourneau University

Materials Joining Engineering
Technology

“It is a huge encouragement and an
honor to receive the Past Presidents

Scholarship. The task of funding
educational pursuits is often daunting,
but gracious people, like those funding
AWS Foundation Scholarships, make

that task possible.”

Each year, the American
Welding Society Foundation
provides scholarship funds to
help hundreds of students who
otherwise would be unable to
afford a welding education. We
are the only industry foundation
with the specific mission of
helping to fund the education of
welding students. In so doing,
we create the careers that
sustain and grow our industry.

We get these funds from your
contributions. The more you
contribute, the more students
we can help educate.

To make a scholarship
contribution or set up your
own District, Section, or
National Named Scholarship,
contact Sam Gentry at the
AWS Foundation. Call
800-443-9353, x331, or
email to sgentry@aws.org.

Thank you for your continued
support.

The AWS
Foundation
is proud to
announce its
2008-2009
National
Scholarship
Recipients

Welding for the Strength ofAmerica
The Campaign for the American Welding Society Foundation
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Arsham Amirikian Engineering
Scholarship

Kevin Scott
Colorado School of Mines
Metallurgical Engineering

“I would like to express my sincere
gratitude in being this year’s recipient of

the Arsham Amirikian Engineering
Scholarship. It is an honor to be

recognized by an organization such as
AWS. This award will assist me in

furthering my education at the Colorado
School of Mines and to further pursue

welding research.”

Jack R. Barckhoff Welding
Management Scholarship

Roman Martynyuk
The Ohio State University

Welding Engineering

“I am proud to be a recipient of the Jack
Barckhoff Scholarship, looking forward
to applying what I have learned in the
Total Welding Management in order to

make the industry more efficient.”

Jack R. Barckhoff Welding
Management Scholarship

Daniel A. Whiting
The Ohio State University

Welding Engineering

“I am honored to receive this
scholarship. I appreciate the AWS
Foundation and Jack Barckhoff's

commitment to the future of welding and
joining through education.”

Edward J. Brady Memorial Scholarship

Devin L. Hartshorn
LeTourneau University

Materials Joining Engineering

“It’s a great privilege to be selected to
receive the Edward J. Brady Memorial

Scholarship for 2008-2009. I am grateful
to the Bradys and AWS for partnering
with me in realizing my educational

goals. And, above all, I thank God for
blessing me with these opportunities.”

e

William B. Howell Memorial
Scholarship

Paul J. Doherty
Ferris State University

Welding Engineering Technology

“I am honored to be the recipient of the
2008-2009 William B. Howell Memorial
Scholarship. I would like to thank the

American Welding Society Foundation
for selecting me as this will truly help me

achieve all my goals to become a
welding engineer.”

Hypertherm International HyTech
Leadership Scholarship

Marcellus Angellford
Oregon Institute of Technology

M.S. in Manufacturing Engineering

“I am honored and grateful to have been
blessed with the Hypertherm Scholarship.
Over the past 10 years AWS has had a

dramatic impact in my life by first helping me
to become a certified welder, then a certified

weld inspector, later a certified welding
engineer, and now helping me to earn a

master’s degree in engineering.Thank you
for changing my life.”

ITW Welding Companies Scholarship

Leland Kienbaum
Ferris State University

Welding Engineering Technology

“I would like to thank the ITW Welding
Companies for their generous support

to the AWSFoundation. Their
contribution has made possible the

continuation of my education. It has also
allowed me to reach my goals

academically that otherwise would not
have been possible. I would also like to

thank the scholarship committee for
their time and consideration.”

ITW Welding Companies Scholarship

Jason A. Russell
Ferris State University

Welding Engineering Technology

“To be selected as a recipient of the
2008-2009 ITW Welding Companies

Scholarship is a great honor. I would like
to thank all of those involved within the
ITW and AWS communities for creating

this tremendous opportunity.Your
continued support of academic welding
programs will continue to be recognized

and appreciated.”

Robert L Peaslee–Detroit Brazing and
Soldering Division Scholarship

Christopher Bartlow
University of California at Berkeley

MS in Materials Science and
Engineering

“I am very grateful and honored to be
this year’s recipient of the Robert L.

Peaslee – Detroit Brazing and Soldering
Division Scholarship. The support of Mr.
Peaslee and the AWS Foundation make
my education and research into joining

technology possible.”

Praxair International Scholarship

Edward Funnell
LeTourneau University

Materials Joining Engineering
Technology

“I am very grateful to have been chosen
for the Praxair International Scholarship.

I would like to extend my heartfelt
thanks to Praxair, the AWS Foundation,
and all the others who do their best to

make the future of welding bright. I look
forward to the career that this

scholarship makes possible, and I hope
that I will be able to give back to the

welding community as much as I have
received.”

RWMA Scholarship

Alan Kirchhoff
Ferris State University

Welding Engineering Technology

“I am honored and grateful to receive
the Resistance Welders Manufacturers

Association Scholarship. This will greatly
aid me in reaching my educational

goals. I would like to thank the American
Welding Society for selecting me for this

award. I would also like to thank my
family and the Welding Engineering

Faculty at Ferris State University for their
support.”
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COMING
EVENTS

SAIL 2008, 2nd Int’l Forum on Shipyard Applications for Indus-
trial Lasers. Aug. 18, 19, Williamsburg Hospitality House,
Williamsburg, Va. Visit www.arl.psu.edu/sail2008.html.

SES 2008 Annual Conf. — The World of Standards — Is It Re-
ally a Zoo Out There? Aug. 18, 19, Marriott San Diego Mission
Valley, San Diego, Calif. Contact H. Glenn Ziegenfuss,
hgziggy@worldnet.att.net; or visit www.ses-standards.org.

Coatings for Africa 2008. Aug. 19–21, Champagne Sports Re-
sort, Central Drakensberg, Kwazulu-Natal, South Africa. E-mail
rosalie@coa.co.za; visit www.coatingsforafrica.org.za.

2nd Int’l Orthotropic Bridge Conf. Aug. 25–29, Sacramento,
Calif. Sponsored by the American Society of Civil Engineers.
Visit www.orthotropic-bridge.org; call (916) 961-2723.

Int’l Congress of Sheet Metal Presswork Associations (ICOSPA
2008). Sept. 14–17, Grand Rapids, Mich. Contact Precision Met-
alforming Assn., (216) 901-8800, or visit www.icospa.com.

4th Annual MarineLog Global Greenship Conf. and Expo. Sept.
16, 17, Washington Marriott Hotel, Washington, D.C. Visit
www.marinelog.com.

♦Welding in Aircraft and Aerospace Conf. Sept. 16, 17, The
Broadview, Wichita, Kan. Contact American Welding Society
(800/305) 443-9353, ext. 455; visit www.aws.org/conferences.

Friction Stir Technologies and Applications for Defense Appli-
cations Workshop. Sept. 17, 18. Living/Learning Center, Univer-
sity of Pittsburgh at Johnstown, Pa. Organized jointly by Navy
Metalworking Center and Navy Joining Center. Visit
www.nmc.ctc.com/index.cfm?fuseaction=eventinfo&eventid=50.

Weld Expo — Canadian Mfg. Week — Metal Finishing Expo.
Sept. 23–25. Int’l Centre, Toronto, Canada. Contact Society of
Mfg. Engineers, (800) 733-4763, www.sme.org.

Guangzhou Int’l Trade Fair for Moldmaking and Tooling, De-
sign, and Application Development. Sept. 24–26, Guangzhou
Int’l Convention & Exhibition Center, Guangzhou, China. Visit
www.asiamold-china.com.

Tooling for Composites. Sept. 29–Oct. 1. Doubletree Hotel, Sea-
tle, Wash. Contact Society of Mfg. Engineers, (800) 733-4763,
www.sme.org.

Making Lean Work for the Job Shop and Small Manufacturer.
Oct. 1, 2. Doubletree Hotel, Oak Brook, Ill. Contact Society of
Mfg. Engineers, (800) 733-4763, www.sme.org/leanjobshop.

♦FABTECH International & AWS Welding Show. Oct. 6–8, Las
Vegas Convention Center, Las Vegas, Nev. This show is the largest
event in North America dedicated to showcasing the full spectrum
of metal forming, fabricating, tube and pipe, and welding equip-
ment and technology. Contact American Welding Society,
(800/305) 443-9353, ext. 455; www.aws.org.

♦New Technologies in Thermal Cutting. Oct. 6, Las Vegas Con-
vention Center, Las Vegas, Nev. In conjunction with the
FABTECH International & AWS Welding Show. Contact Amer-
ican Welding Society, (800/305) 443-9353, ext. 455; www.aws.org.

♦New Nondestructive Testing Technologies Conf. Oct. 7, Las

Vegas Convention Center, Las Vegas, Nev. In conjunction with
the FABTECH International & AWS Welding Show. Contact
American Welding Society, (800/305) 443-9353, ext. 455;
www.aws.org.

♦Friction Stir Welding Conf. Oct. 8, Las Vegas Convention Cen-
ter, Las Vegas, Nev. In conjunction with the FABTECH Interna-
tional & AWS Welding Show. Contact American Welding Society,
(800/305) 443-9353, ext. 455; www.aws.org.

ISR ’08, 39th Int’l Symposium on Robotics. Oct. 15–17, COEX
Convention Center, Seoul, Korea. Visit www.isr08.org.

2nd Int’l Railroad Symposium and Trade Exposition. Oct. 15–17,
Haydarpasa Train Station, Istanbul, Turkey. Visit
www.irsturkey.org.

ICALEO® 2008, 27th Int’l Congress on Applications of Lasers &
Electro-Optics. Oct. 20–23. Pechanga Resort & Casino, Temec-
ula, Calif. Contact Laser Institute of America, (800) 345-2737,
(407) 380-1553, www.icaleo.org.

Lean to Green Manufacturing. Oct. 27–29. Doubletree Hotel &
Executive Meeting Center, Portland, Ore. Contact Society of
Mfg. Engineers, (800) 733-4763, www.sme.org/leantogreen.

CNC Machining Clinic. Nov. 4–6. Doubletree Hotel, Oak Brook,
Ill. Contact Society of Mfg. Engineers, (800) 733-4763,
www.sme.org.

♦Welding of Engineering Plastics and Composites Conf. Nov. 11,
12. Contact American Welding Society, (800/305) 443-9353, ext.
455; www.aws.org/conferences.

8th Int’l Symposium of the Japan Welding Society. Nov. 16–18,
Kyoto, Japan. Visit www.nta-aps.jp/8WS/.

Aerospace Measurement, Inspection & Analysis Conf. Nov. 18,
19. Ft. Worth Convention Center, Ft. Worth, Tex. Contact Soci-
ety of Mfg. Engineers, (800) 733-4763, www.sme.org/aerotest.

PACE 2009, The Power of Paint & Coatings. Feb. 15–18, 2009.
New Orleans Convention Center, New Orleans, La. Visit
www.pace2009.com.

HOUSTEX, 2009. Feb. 24–26, 2009. George R. Brown Conven-
tion Center, Houston, Tex. Contact Society of Mfg. Engineers,
(800) 733-4763, www.sme.org/houstex.

Lean for the Supply Chain. March 3–5, 2009. Crown Plaza Hotel,
San Jose, Calif. Contact Society of Mfg. Engineers, (800) 733-
4763, www.sme.org.

WESTEC. March 30–April 2, 2009. Los Angeles Convention Cen-
ter, Los Angeles, Calif. Contact Society of Mfg. Engineers, (800)
733-4763, www.sme.org/westec.

MicroManufacturing and NanoManufacturing Conf. & Exhibits.
March 31–April 1, 2009. Sheraton Bloomington Hotel, Min-
neapolis, Minn. Contact Society of Mfg. Engineers, (800) 733-
4763, www.sme.org/micro, www.sme.org/nano.

♦IBSC, 4th Int’l Brazing and Soldering Conf. April 26–29, 2009,
Orlando, Fla. Contact American Welding Society, (800/305) 443-
9353, ext. 455; visit www.aws.org.

NOTE: A DIAMOND (♦) DENOTES AN AWS-SPONSORED EVENT.
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JOM-15, 15th Int’l Conf. on the Joining of Materials, and 6th Int’l
Conf. on Education in Welding. May 3–6, 2009, Helsinør, Den-
mark. Contact JOM Institute, jom_aws@post10.tele.dk.

RAPID 2009. May 12–14, 2009. Renaissance Schaumburg Con-
vention Center, Schaumburg, Ill. Contact Society of Mfg. Engi-
neers, (800) 733-4763, www.sme.org/rapid.

Advanced Manuf. Expo. and Plant Maintenance & Design Engi-
neering Show. May 19–21, 2009. Place Bonaventure, Montreal,
Que., Canada. Contact Society of Mfg. Engineers, (800) 733-
4763, www.sme.org.

EASTEC. May 19–21, 2009. Eastern States Exposition Grounds,
W. Springfield, Mass. Contact Society of Mfg. Engineers, (800)
733-4763, www.sme.org/eastec.

Western Mfg. Technology Show. June 16–18, 2009. Northlands
Park-AgriCom, Edmonton, Alb., Canada. Contact Society of Mfg.
Engineers, (800) 733-4763, www.sme.org/eastec.

SOUTH-TEC. Oct. 6–8, 2009. Charlotte Convention Center,
Charlotte, N.C. Contact Society of Mfg. Engineers, (800) 733-
4763, www.sme.org/southtec.

♦FABTECH International & AWS Welding Show. Nov. 15–18,
2009, McCormick Place, Chicago, Ill. This show is the largest
event in North America dedicated to showcasing the full spectrum
of metal forming, fabricating, tube and pipe, welding equipment,
and technology. Contact American Welding Society, (800/305)
443-9353, ext. 455; www.aws.org.

Educational Opportunities

Advanced Concepts in Laser Safety. Aug. 11–13, Orlando, Fla.
Contact Laser Institute of America, www.laserinstitute.org, (800)
345-3737.

AWS Certified Welding Supervisor Examination (CWS 550),
Preparation Course. A week-long course beginning Aug. 25,
Nov. 17. Contact Hobart Institute of Welding Technology,
www.welding.org, (800) 332-9448, (937) 332-5000.

Automotive Body in White Training for Skilled Trades and
Engineers. Orion, Mich. A 5-day course covers operations, trou-
bleshooting, error recovery programs, and safety procedures for
automotive lines and integrated cells. Contact Applied Mfg.
Technologies, (248) 409-2000, www.appliedmfg.com.

Basic Plate and Sheet Metal Welding. Cleveland, Ohio. A six-
week course beginning Sept. 15, Oct. 27. Contact The Lincoln
Electric Co., (216) 486-1751, www.lincolnelectric.com/knowledge/
training/weldschool/courses.asp.

Boiler and Pressure Vessel Inspectors Training Courses and
Seminars. Columbus, Ohio. Call (614) 888-8320; visit
www.nationalboard.org.

CWI/CWE Course and Exam. Troy, Ohio. This is a ten-day pro-
gram. Contact Hobart Institute of Welding Technology, (800)
332-9448, www.welding.org/technical/schedule2008.html.

CWI/CWE Prep Course and Exam and NDT Inspector Training.
Courses. An AWS Accredited Testing Facility. Courses held year-
round in Allentown, Pa., and at customers’ facilities. Contact:
Welder Training & Testing Institute, (800) 223-9884,
info@wtti.edu; visit www.wtti.edu.

For info go to www.aws.org/ad-index For info go to www.aws.org/ad-index
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Certified Welding Inspector (CWI)
LOCATION SEMINAR DATES EXAM DATE

Las Vegas, NV Sept. 14-19 Sept. 20
Minneapolis, MN Sept. 14-19 Sept. 20
St. Louis, MO Sept. 14-19 Sept. 20
Corpus Christi, TX EXAM ONLY Sept. 20
Anchorage, AK EXAM ONLY Sept. 20
Miami, FL Oct. 19-24 Oct. 25
New Orleans, LA Oct. 19-24 Oct. 25
Tulsa, OK Oct. 19-24 Oct. 25
Long Beach, CA Oct. 26-31 Nov. 1
Newark, NJ Oct. 26-31 Nov. 1
Portland, OR Oct. 26-31 Nov. 1
Cleveland, OH Nov. 2-7 Nov. 8
Atlanta, GA Nov. 16-21 Nov. 22
Dallas, TX Nov. 16-21 Nov. 22
Roanoke, VA Nov. 16-21 Nov. 22
Corpus Christi, TX EXAM ONLY Nov. 22
Sacramento, CA Nov. 30-Dec. 5 Dec. 6
Spokane, WA Nov. 30-Dec. 5 Dec. 6
Syracuse, NY Nov. 30-Dec. 5 Dec. 6
St. Louis, MO EXAM ONLY Dec. 6
Miami, FL Dec. 7-12 Dec. 13
Reno, NV Dec. 7-12 Dec. 13
Fresno, CA Jan. 11-16 Jan. 17
Beaumont, TX Jan. 11-16 Jan. 17
Miami, FL Jan. 25-30 Jan. 31
Albuquerque, NM Jan. 25-30 Jan. 31
Pittsburgh, PA Feb. 1-6 Feb. 7
Denver, CO Feb. 1-6 Feb. 7
Seattle, WA Feb. 1-6 Feb. 7
Milwaukee, WI Mar. 1-6 Mar. 7
Indianapolis, IN Mar. 1-6 Mar. 7
Atlanta, GA Mar. 1-6 Mar. 7
Houston, TX Mar. 8-13 Mar. 14
San Diego, CA Mar. 8-13 Mar. 14
Norfolk, VA Mar. 8-13 Mar. 14
Anchorage, AK Mar. 22-27 Mar. 28
Portland, OR Mar. 22-27 Mar. 28
Boston, MA Mar. 22-27 Mar. 28
Phoenix, AZ Mar. 22-27 Mar. 28
Miami, FL Mar. 29-Apr. 3 Apr. 4
Chicago, IL Mar. 29-Apr. 3 Apr. 4
Dallas, TX Apr. 19-24 Apr. 25
Springfield, MO Apr. 19-24 Apr. 25
Baton Rouge, LA Apr. 19-24 Apr. 25
San Francisco, CA Apr. 26-May 1 May 2
Portland, ME Apr. 26-May 1 May 2
Las Vegas, NV Apr. 26-May 1 May 2
Nashville, TN May 10-15 May 16
Jacksonville, FL May 10-15 May 16
Baltimore, MD May 10-15 May 16
Detroit, MI May 31-Jun. 5 Jun. 6
Miami, FL May 31-Jun. 5 Jun. 6
Albuquerque, NM May 31-Jun. 5 Jun. 6

9-Year Recertification Seminar for CWI/SCWI
LOCATION SEMINAR DATES EXAM DATE

Dallas, TX Oct. 20-25 NO EXAM
Miami, FL Dec. 1-6 NO EXAM
New Orleans, LA Jan. 12-17 NO EXAM
Denver, CO Feb. 23-28 NO EXAM
Dallas, TX Mar. 30-Apr. 4 NO EXAM
Sacramento, CA May 4-9 NO EXAM
For current CWIs and SCWIs needing to meet education requirements without
taking the exam. If needed, recertification exam can be taken at any site listed
under Certified Welding Inspector.

Certified Welding Supervisor (CWS)
LOCATION SEMINAR DATES EXAM DATE

Atlanta, GA Sept. 15-19 Sept. 20
Tulsa, OK Oct. 20-24 Oct. 25
Atlanta, GA Nov. 17-21 Nov. 22
Long Beach, CA Dec. 8-12 Dec. 13
Atlanta, GA Jan. 26-30 Jan. 31
Houston, TX. Mar. 2-6 Mar. 7
Baton Rouge, LA Apr. 20-24 Apr. 25
CWS exams are also given at all CWI exam sites.

Certified Radiographic Interpreter (CRI)
LOCATION SEMINAR DATES EXAM DATE

Denver, CO Sept. 15-19 Sept. 20
Philadelphia, PA Oct. 20-24 Oct. 25
Seattle, WA Nov. 17-21 Nov. 22
Jacksonville, FL Dec. 8-12 Dec. 13
Long Beach, CA Feb. 2-6 Feb. 7
Miami, FL Mar. 9-13 Mar. 14
Indianapolis, IN Apr. 20-25 Apr. 26
Radiographic Interpreter certification can be a stand-alone credential or
can exempt you from your next 9-Year Recertification.

Certified Welding Educator (CWE)
Seminar and exam are given at all sites listed under Certified
Welding Inspector. Seminar attendees will not attend the
Code Clinic portion of the seminar (usually first two days).

Senior Certified Welding Inspector (SCWI)
Exam can be taken at any site listed under Certified Welding
Inspector. No preparatory seminar is offered.

Code Clinics & Individual Prep Courses
The following workshops are offered at all sites where the CWI
seminar is offered (code books not included with individual prep
courses): Welding Inspection Technology (general knowledge and
prep course for CWI Exam-Part A); Visual Inspection Workshop
(prep course for CWI Exam-Part B); and D1.1 and API-1104
Code Clinics (prep courses for CWI Exam-Part C).

On-site Training and Examination
On-site training is available for larger groups or for programs
customized to meet specific needs of a company. Call ext. 219 for
more information.

International CWI Courses and Exams
AWS training and certification for CWI and other programs are
offered in many countries. For international certification
program schedules and contact information, please visit
http//:www.aws.org/certification/inter_contact.html

For information on any of our seminars and certification programs,
visit our website at www.aws.org/certification or contact AWS at (800/305)
443-9353, Ext. 273 for Certification and Ext. 455 for Seminars. Please
apply early to save Fast Track fees. This schedule is subject to change
without notice. Please verify the dates with the Certification Dept. and
confirm your course status before making final travel plans.

AWS Certification Schedule
Certification Seminars, Code Clinics and Examinations

Application deadlines are six weeks before the scheduled seminar or exam. Late applications will be assessed a $250 Fast Track fee.

© AWS 2008 CER1324-8
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WELDING
WORKBOOK

Safe practices should be considered prior to beginning any
thermal spray operation. The following methodology can be used
to assess and mitigate health and safety risks in thermal spraying:

1. Plan the work
2. Identify and evaluate the associated risks
3. Implement engineering controls, administrative controls,

personal protective equipment, and training to mitigate risks
4. Perform the work
5. Evaluate the process and make improvements.
The guiding safety philosophy is a three-tiered approach.

Whenever possible, the best approach is to separate the opera-
tor from the hazards of the immediate spray environment and
run the process remotely. When that is not possible, then engi-
neering controls, such as local exhaust, proper ventilation, and
safety interlocks should be used to mitigate hazards to the extent
possible. The third tier is personal protective equipment, such as
respirators and hearing protection, and administrative controls
such as checklists, which represent important safeguards to help
protect the operator.

In general, the hazards of thermal spray operations are asso-
ciated with the following:
• Gases
• Liquids
• Electrical equipment
• Feedstock material
• Fumes and dust
• Heat, sound, and light
• Robotics and other mechanical equipment.

A discussion of the heat, noise, and light hazards follows:

Heat, Noise, and Light
Thermal spray operations can emit dangerous levels of heat,

sound, and light (radiation). The primary techniques for mitigat-
ing these hazards are proper design of the work environment and
use of personal protective equipment (PPE). The preferred ap-
proach is to place the operator at a workstation outside the spray
booth; if that is not possible, every measure must be taken to
minimize worker exposure and to use the necessary PPE.

Heat

Thermal spray guns, especially high-velocity oxygen fuel
(HVOF) devices, generate substantial quantities of heat. With-
out adequate ventilation, the booth can quickly become over-
heated, and excessive heat can damage the ductwork and dust
filter system. The recommendation is that total exhaust airflow
be sufficient to keep the exhaust air temperature below 40°C
(105°F); however, exceptionally high flow velocities exceeding
91 m/min at the front face of the spray hood may interfere with
spray operations. Hot workpieces and tooling may require use of
thermally insulated gloves and handling tools. The use of auxil-
iary cooling jets may be required. Cotton clothing is preferred
because it does not melt and does not support combustion as
readily.

Noise

Sound levels associated with thermal spray operations vary
greatly, but commonly exceed the limit of 85 dB for 8-h occupa-
tional exposure without protective measures as prescribed by the
Occupational Safety and Health Administration (OSHA). OSHA
rules concerning specific noise exposure limits and associated
requirements should be consulted. In almost all cases, some form
of hearing proection will be required. Table 1 lists representative
sound levels for a variety of common thermal spray operations.
Actual sound pressure levels depend strongly on the specific spray
environment, such as booth size, wall material, and construction
details.

Eye Protection from Light

Light (radiation) hazards associated with thermal spray oper-
ations include both visible and ultraviolet emissions. Excessive
exposure to the bright emissions from thermal spray guns is sim-
ilar to that associated with welding and can cause both acute in-
juries and chronic conditions such as cataracts. Helmets, hand-
held shields, face shields, and safety glasses or goggles should be
used to protect the eyes, face, and neck during thermal spraying.
Helmets, hand-held shields, and goggles must be equipped with
suitable filter plates to protect the eyes from excessive ulraviolet
and intense visible radiation. A guide to selecting the proper fil-
ter shade number is shown in Table 2.

AUGUST 200866

Datasheet 298

Excerpted from the Welding Handbook, Vol. 3, Part 2, ninth edition.

Table 1 — Typical Sound Pressure Levels

Thermal Spray System Decibel Range (dB)

Detonation flame spray gun 145
HVOF (liquid fuel) 133
HVOF (gaseous fuel) 125–135
HVAF (air-fuel system) 133
Combustion wire 118–122
Combustion powder 90–125
Ceramic rod gun 125
Arc wire 105–119
Air plasma (DC) 110–125
Vacuum plasma, low-pressure, Ambient
or controlled atmosphere
Cold spraying 110
Water-stabilized plasma 125
Inductively coupled RF plasma 95

Table 2 — Recommended Lens Shade Plates for Thermal Spraying 
Operations

Thermal Spraying Operation Shade Numbers

Wire flame spraying (except molybdenum) 5
Wire flame spraying of molybdenum 5 to 6
Flame spraying of metal powder 5 to 6
Flame spraying of exothermics or ceramics 5 to 8
Plasma and arc spraying 9 to 12
Fusing operations 5 to 6

Safe Practices for Thermal Spraying
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District 8 Director Copes with the 
Changing Times

Since taking office as District 8 di-
rector last January, Joe Livesay,
succeeding Wallace E. Honey who

held the post for six years, has become
concerned with the magnitude of the job
and done something about it. District 8
includes eight Sections, five in Tennessee
and the others in South Carolina, Mis-
sissippi, and Alabama. That’s a lot of ter-
ritory for one person to manage. Now,
with the high fuel prices, staying in per-
sonal touch with each of these Sections
is a serious concern. So, at the recent
District 8 conference, Livesay appointed
four deputy District directors to help en-
sure District 8 is properly covered at all
times. Appointed to deputy District 8 di-
rector positions were Bill Warwick and
Josh Burgess (Northeast Tennessee Sec-
tion), Tim Singleton (West Tennessee
Section), and Dave Hamilton (Chat-
tanooga Section). Livesay said he se-
lected these members for the post be-
cause they have been active in Section
and Society affairs and are eager to do
more.

The designation “deputy District di-
rector” was initiated by Districts Coun-
cil to assist District directors in visiting
Sections and to help with other District

Shown at the District 8 conference, held June 5, 6, are (from left, back row) District 8 Director Joe Livesay, Past AWS President Tom Mustaleski,
Tim Singleton, Erven Perrigan, John Kahl, Greg Koprowitz, and Keith Flynn; (front row, from left) AWS staff representative Linda Hender-
son, Joe Smith, Josh Burgess, Bill Warwick,Charles Friedrichs,Gary Gammill, Joshua Harrison, and Robbin Shull.

Shown at the District 8 conference are (from left) District Director Joe Livesay, and the newly
appointed deputy District directors Bill Warwick, Tim Singleton, and Josh Burgess.

and Section business throughout the year.
The position also provides an opportunity
for those interested in becoming a District
director to gain experience and learn what
is involved.  Deputies are appointed at the
annual District conferences to serve a one-
year term. It is not an official AWS posi-
tion, and no financial reimbursement is
provided from National. 

Livesay, a welding instructor, has been
the advisor to the Crossville Tennessee

Student Chapter at Tennessee Technology
Center for 15 years. He doesn’t restrain
his enthusiasm about the Society’s future.
“I can’t wait for the next 15 years,” he said,
“the Society has seen such positive growth,
and it’s only going to get better.” He urges
members “to get on board, invite friends
and associates to attend Section meetings,
and participate in the camaraderie that
expands knowledge and builds great busi-
ness relationships.”♦
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Tech Topics

Standards for Public Review

AWS was approved as an accredited
standards-preparing organization by the
American National Standards Institute
(ANSI) in 1979. AWS rules, as approved
by ANSI, require that all standards be
open to public review for comment dur-
ing the approval process. This column also
advises of ANSI approval of documents.
The following standards are submitted for
public review. A draft copy may be ob-
tained from  Rosalinda O’Neill
roneill@aws.org; (800/305) 443-9353, ext.
451.

B2.1/B2.1M:200X, Specification for
Welding Procedure and Performance Qual-
ification. Revised standard — $157. Pub-
lic review expires 8/11/08. 

C1.5:200X, Specification for the Quali-
fication of Resistance Welding Technicians.
Revised standard — $25. Public review
expires 8/11/08. 

C3.9M/C3.9:200X, Specification for
Resistance Brazing. New standard — $25.
Public review expired 7/21/08.

New Standards Project

Development work has begun on the
following revised standard. Directly and
materially affected individuals are invited
to contribute to its development. Partici-
pation on all AWS Technical Committees
and Subcommittees is open to all persons.
Those wanting to participate should con-
tact the AWS Staff Engineer listed with
the document. 

D1.8/D1.8M:200X, Structural Welding

Code — Seismic Supplement. The provi-
sions of this code supplement the provi-
sions of AWS D1.1/D1.1M, Structural
Welding Code — Steel, and shall apply to
the design, fabrication, quality control,
and quality assurance of welded joints de-
signed in accordance with the AISC Seis-
mic Provisions for Structural Steel Build-
ings. All provisions of AWS D1.1/D1.1M
for statically loaded structures shall apply
to the designated welds, except as specif-
ically modified therein. Stakeholders:
Manufacturers, welders, engineers, fabri-
cators, and designers. Revised standard.
Contact Selvis Morales, ext. 313.

Technical Committee Meetings

All AWS technical committee meet-
ings are open to the public. Persons wish-
ing to attend a meeting should dial (305)
443-9353 and the extention of the staff
secretary of the committee listed below.

Aug. 13, International Standards Ac-
tivities Committee. Hartford, Conn. Con-
tact Andrew Davis, ext. 466.

Aug. 13–14, Technical Activities Com-
mittee. Hartford, Conn. Contact John
Gayler, ext. 472.

Sept. 16–19, D1 Committee on Struc-
tural Welding. Milwaukee, Wis. Contact
Selvis Morales, ext. 313.

Sept. 23–25, B2 Committee on Proce-
dure and Performance Qualifications.
Pittsburgh, Pa. Contact Selvis Morales,
ext. 313.

Sept. 24, SH4 Subcommittee on Label-
ing and Safe Practices. Pittsburgh, Pa.
Contact Steve Hedrick, ext. 305.♦

C5: Arc Welding
The C5 Committee on Arc Welding

and Cutting seeks volunteers to assist in
the preparation of its recommended prac-
tices. Much of the content of the Welding
Handbook chapter on arc welding and
cutting processes is taken from these doc-
uments. Contact John Gayler, (800) 443-
9353, ext. 472; gayler@aws.org.

J1: Resistance Welding
Share your expertise by contributing to

the development of AWS standards. Volun-
teers are needed by the J1 Committee on
Resistance Welding Equipment to help

prepare standards related to RW consum-
ables, components, and machinery. Con-
tact Annette Alonso, (800) 443-9353, ext.
299; aalonso@aws.org.

D1I : Reinforcing Bars
Volunteers are sought to serve on the

D1I Subcommittee on Reinforcing Bars.
Members are currently revising D1.4,
Structural Welding Code — Reinforcing
Steel. To learn more about how you can
contribute to this committee’s work, con-
tact Selvis Morales, (800) 443-9353, ext.
313; smorales@aws.org.

Technical Committees Help Wanted

Code Interpretations
Subject: Tower Cranes
Code Edition: D14.3/D14.3M:2005
Code Provision: Subclause 1.1.1
AWS Log: D14.3-05-I01

Inquiry: Would it be appropriate to
use Standard AWS D14.3/D14.3M:
2005 for tower cranes although they
are not self-propelled, as they are sim-
ilar to mobile cranes and drag lines?

Response: Yes.

Subject: Visual Inspection of a Proce-
dure Qualification Test
Code Edition: D14.6/D14.6M:2005
Code Provision: Section 6
AWS Log: D14.6-05-I01

Inquiry: Does D14.6:2005 require
the visual inspection of procedure qual-
ification test specimens and perform-
ance qualification test specimens?

Response: D14.6:2005 provides vi-
sual examination requirements for fil-
let weld procedure qualification in
Section 6.10.5.3 and for fillet weld per-
formance qualification in Section
6.13.5. There are no visual examina-
tion requirements for groove weld pro-
cedure or performance qualification
test specimens in D14.6:2005.

Subject: Fillet Weld Terminations
Code Edition: D14.6/D14.6M:2005
Code Provision: N/A
AWS Log: D14.6-05-I02

Inquiry: Does D14.6:2005 have re-
quirements for fillet weld terminations?

Response: No. This is a design con-
sideration that should be addressed by
design documents.

Subject: Oversize Welds
Code Edition: D1.3-98
Code Provision: Sections 2.3.3.2
AWS Log: D1.3-98-I07

Inquiry: Does the provision in
2.3.3.2 that states, “The leg size of the
T-joint fillet weld SHALL be equal to
the thickness of the thinnest sheet
steel” make a weld larger than the
thickness of the thinnest sheet steel
not acceptable?

Response: No, it is acceptable to
make a larger production weld. Sec-
tion 2 deals with weld design and does
not address weld size tolerance.

 Society News August:Layout 1  7/9/08  10:23 AM  Page 68



69WELDING JOURNAL

Table 8
Welder Qualification—Production Welding Positions Qualified by Plate and Pipe Test Welds

Qualification Test Weld
Plate or Pipe 
Position(2)

Type of Weld and Position of Welding Qualified(1)

Plate Pipe(5)

Weld Type Groove Fillet(3) Groove Fillet(3)

Plate—groove 1G
2G
3G
4G

3G + 4G

F
F, H

F, H, V
F, OH

All

F, H
F, H

F, H, V
F, H, OH

All

F, H
F, H

F, H, V
F, H, OH

All

F, H
F, H

F, H, V
F, H, OH

All

Plate—fillet(3) 1F
2F
3F
4F

3F + 4F

F
F, H

F, H, V
F, H, OH

All

F
F, H

F, H, V
F, H, OH

All

Pipe—groove 1G Rotated
2G
5G
6G

2G + 5G
6GR

F
F, H

F, V, OH
Note (4)
Note (4)

All

F, H
F, H

F, V, OH
Note (4)
Note (4)

All

F
F, H

F, V, OH
Note (4)
Note (4)

All

F, H
F, H

F, V, OH
Note (4)
Note (4)

All

Pipe—fillet(3)

1F Rotated
2F

2F Rotated
4F
5F

F
F, H
F, H

F, H, OH
All

F
F, H
F, H

F, H, OH
All

Notes:
(1) Positions for welding: F = flat, H = horizontal, V = vertical, OH = overhead.
(2) See Figures 2, 3A, 3B, 4, and 5.
(3) Not applicable for fillet welds between parts having a dihedral angle of 75° or less.
(4) Qualifies for all but groove welds for T-, Y-, and K- connections.
(5) Welding operators qualified to weld pipe or tubing over 24 in. (600 mm) in diameter or the test positions indicated.

AWS technical staff members are (seated, from left) Rosalinda O’Neill, senior manager,
technical publications; Annette Alonso; Selvis Morales; and Sissibeth Lopez; (standing,
from left)  are Matthew Rubin; Brian McGrath; Sara Hernandez; Steve Hedrick, manager,
safety and health; Yoyi Acosta; Reino Starks; Andrew Davis, managing director, technical
services; Stephen Borrero; John Gayler, director, national standards activities; Rakesh
Gupta; and Vivian Perez.

The AWS Tech Staff — At Your Service
Errata D15.1, D14.6

The following errata have been
identified and incorporated into the
current reprints of these documents.

D15.1/15.1M:2007
Railroad Welding Specification

for Cars and Locomotives
Page 30, 7.2.5, replace clause to

read: “Grooves produced by gouging
shall be in accordance with groove pro-
files as in Figures 7.1 and 7.2.”

D14.6/D14.6M:2005
Specification for Welding 

Rotating Elements of Equipment
Page 38, Table 8: A note “(5)” shall

be added to the subhead “Pipe” with
the following text printed below the
table with the other notes. The text for
the note shall read “(5) Welding oper-
ators qualified to weld pipe or tubing
over 24 in. (600 mm) in diameter or
the test positions indicated.”

The corrected Table 8 appears below.
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Ray Shook (center) accepts a plaque of ap-
preciation from MSgt Darriet Patterson
(right) and Sgt. Michael Murphy, June 4 at
AWS headquarters in Miami.

For the past five years, AWS headquarters has participated in a partnership with
the U.S. Army in a technology-sharing experience. Each year, a noncommissioned
officer worked at AWS headquarters assisting with training in the welding lab

while studying for his Certified Welding Inspector exam. The contract ended in June
with the presentation of a plaque signed by Brigadier General Rebecca S. Halstead,
U.S. Army, Chief of Ordnance, presented by MSgt Darriet Patterson. The plaque, dated
June 4, 2008, reads: 

“I would like to thank you (AWS) for your service to the Ordnance Corps and to
the Army. Over the past five years, the American Welding Society has provided im-
measurable training to our Noncommissioned Officers in new and innovative welding
practices and industry standards. 

“In a smaller and transforming Army at war, the Ordnance Corps is proud of the
partnership established with industry and ability to leverage technology in support of
the Global War on Terrorism. 

“Again, thanks with sincere appreciation and gratitude for your support in shaping
the Ordnance Corps. 

“Sincerely, Rebecca S. Halstead, Brigadier General, U.S. Army, Chief of Ordnance.”

Army Cites AWS for Partnership Training Program

December 31 is the deadline for sub-
mitting nominations for the 2009 Robotic
and Automatic Arc Welding Award. The
award, offering a plaque and a $1500 hon-
orarium, is presented during the
FABTECH International & AWS Weld-

ing Show to recognize achievements in the
area of robotic arc welding. The nomina-
tion packet should include a summary of
the candidate’s accomplishments, experi-
ence, publications, and awards. Remit to
Wendy Sue Reeve, 550 NW LeJeune Rd.,

Miami, FL 33126. Contact Reeve at
wreeve@aws.org; (800/305) 443-9353, ext.
293. The award was established in 2004
by the AWS D16 Robotic and Automatic
Arc Welding Committee, with the ap-
proval of the AWS board of directors. 

Nominees Sought for Robotic Arc Welding Awards 

Nominees Solicited for Prof. Masubuchi Award
November 3 is the deadline for sub-

miting nominations for the 2009 Prof.
Koichi Masubuchi Award. The award is
presented each year to one person, 40
years old or younger, who has made sig-
nificant contributions to the advance-

ment of materials joining through re-
search and development. The award,
presented during the FABTECH Inter-
national & AWS Welding Show, includes
a $5000 honorarium. Send a résumé list-
ing background, experience, publica-

tions, honors, awards, plus at least three
letters of recommendation from re-
searchers to Prof. John DuPont,
jnd@lehigh.edu. The award is sponsored
by the Dept. of Ocean Engineering at
Massachusetts Institute of Technology.

The Annual Meeting of the members
of the American Welding Society will be
held on Monday, Oct. 6, 2008, beginning
at 9:30 A.M. at Las Vegas Convention and

Visitors Authority, Las Vegas, Nev.
The regular business of the Society

will be conducted, including election of
officers and nine members of the Board

of Directors. Any other business prop-
erly brought before the membership
will be considered.

Notice of Annual Meeting of the American Welding Society

AWS members who wish to nominate
candidates for President, Vice President,
Treasurer, and Director-at-Large on the
AWS Board of Directors for the term
starting January 1, 2010, may either: 1.
Send their nominations electronically by
September 2, 2008, to Gricelda Manalich
at gricelda@aws.org, c/o Gerald D. Uttra-
chi, Chairman, National Nominating

Committee; or 2. Present their nomina-
tions in person at the open session of the
National Nominating Committee meet-
ing scheduled for 2:00 to 3:00 P.M., Tues-
day, October 7, 2008, at Las Vegas Con-
vention and Visitors Authority, Las
Vegas, Nev., during the 2008 FABTECH
International & AWS Welding Show.
Nominations must be accompanied by bi-

ographical material on each candidate,
including a written statement by the can-
didate as to his or her willingness and abil-
ity to serve if nominated and elected, let-
ters of support, plus a 5 × 7-in. portrait.
Note: Persons who present their nomi-
nations at the Show must provide 20
copies of the biographcial materials and
written statement.

Nominations Sought for National Offices

Life Members Offered Free Registration for Technical Sessions at the Show
AWS Life Members are urged to take

advantage of their free registration to the
entire Professional Program (a $325
value) plus free admission to the
FABTECH International & AWS Weld-
ing Show, scheduled for Oct. 6–8, 2008,
at Las Vegas Convention and Visitors Au-
thority, Las Vegas, Nev. The free regis-

tration allows AWS Life Members to at-
tend any of the technical sessions pre-
sented during the three-day period. Reg-
istration forms are available in issues of
the Welding Journal, as well as in the Ad-
vance Program that was mailed to mem-
bers previously. You may also request the
form from the Membership Dept. at (800)

443-9353, ext. 260. To obtain your free reg-
istration, mark “AWS Life Member: Free
Registration” at the top of the Registra-
tion Form. Then FAX both sides of the
form to (305) 443-7559, Attn: Ruben
Lara, accounting director; or mail the
form to Ruben Lara, AWS, 550 NW LeJe-
une Rd., Miami, FL 33126.
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Sustaining Member Companies
Illinois Valley Community College

815 N. Orlando Smith Ave.
Oglesby, IL 61348

www.ivcc.edu
Representative: Paul Leadingham

The welding program at Illinois Valley
Community College is preparing students
for employment by teaching SMAW,
GMAW, FCAW, GTAW, OAW, and offer-
ing Welding Certificates. Work is under-
way to make the college’s welding shop an
AWS Accredited Test Facility, then it will
incorporate these tests into the curriculum.

Magswitch Technology, Inc.
621 Southpark Dr., #1900

Littleton, CO 80134
Representative: Ted S. Brooks

Magswitch is a manufacturer using
patented technology to produce a line of
welding devices that use switchable mag-
nets that allow for precise placement, easy
positioning, and removal. These magnets
enable the welder to work rapidly, without
using clamps, and without damage to the
metal surfaces, while allowing metal dust
and debris to fall off readily.

Affiliate Companies
A1 Inspection Services

50 Otis St.
San Francisco, CA 94103

American Ironworks Mfg., Inc.
12326 Montague St.
Pacoima, CA 91331

Black Dog Divers Inc.
280 Heritage Ave. 

Portsmouth, NH 03801

C & D Welding
24612¾ Pine St. 

New Hall, CA 91321

Hard Wear Welding & Mfg.
36 S. Barber Rd.

Ryegate, MO 59074

Installation Solutions, Inc.
3150 State Line Rd. 

North Bend, OH 45052

James River Mechanical Inc.
PO Box 946

Smithfield, VA 23430

Ludwig Buildings
521 Timesaver Ave. 
Harahan, LA 70123

Marvel Abrasives Products, Inc.
6230 S. Oak Park Ave.

Chicago, IL 60638

Peifer Welding Inc. 
715 Georgetown Rd.

Ronks, PA 17572

Spectrum Fabrication Inc. 
PO Box 9226

Columbia, SC 29209

Tindle Construction Inc.
318 N. 6th

Fredonia, KS 66736

Total Maintenance Center
315 Jerry David Dr.

Muscle Shoals, AL 35661

United Alloy Inc.
4100 Kennedy Rd.

Janesville, WI 53545

Supporting Companies 
Aero Instruments
14901 Emery Ave.

Cleveland, OH 44135

Dibble Trucking, Inc.
7505 S. U.S. Hwy. 66
Gardner, IL  60424

Doka USA, Ltd.
214 Gates Rd.

Little Ferry, NJ  07643

F. N. Smith Corp.
1200 S. 2nd St.

Oregon, IL 61061

Sentry Steel, Inc.
4531 Knopp Ave.

Louisville, KY 40213

Spika Welding & Mfg., Inc.
254 Cottonwood Creek Rd.

Lewistown, MT 59457

Educational Institutions
Calhoun Community College

PO Box 2216
Decatur, AL 25609-2216

Capital Region Career and 
Technical School

1015 Watervliet-Shaker Rd.
Albany, NY 12205

Coastline Energy Services Training 
Center, Nigerian Navy Engineering 

College, Sapele Campus
Delta State, Nigeria

Creston Trail Industries
3689 Ottawa Way

Red Feather Lakes, CO 80545

Membership Counts

Member As of 

Grades 7/01/08

Sustaining..........................................498
Supporting.........................................320
Educational.......................................467
Affiliate..............................................441
Welding distributor............................50
Total corporate members..................1,776

Individual members.....................48,690
Student + transitional members........5,084
Total members..............................53,774

New AWS Supporters

Foundation Update on
the 2008 Silent Auction

The AWS Foundation requests dona-
tions of national company gift cards for
the Silent Auction to be held in Las Vegas
during the FABTECH International &
AWS Welding Show, Oct. 6–8. Gift cards
of $200 to $250 may be purchased then
donated, or you may send a check to the
Foundation to purchase cards from
Omaha Steaks, Tony Roma’s, Bass Pro
Shops, JC Penney, Home Depot, Macy’s,
etc. With the holidays coming right after
the Show, gift cards will be a great way
buy some gifts early. All funds raised will
go to scholarships. 

To donate a gift card, contact Nazd-
hia Prado-Pulido at nprado-pulido@aws.
org; (800) 443-9353, ext. 250.

The first donators include
AWS Cincinnati Section
AWS Rochester Section

AWS Tulsa Section
AWS Twin Tier Section

Nancy and Barry Carlson
Ray and Sandy Shook

Howard Woodward

Neosho County Community College
800 W. 14th

Chanute, KS 66720

Republic County High School 
Agriculture Dept.

2504 P St.
Belleville, KS 66935

SRI Ramakrishna Advanced 
Training Institute

Vattamalaipalayam, NGGO, Colony Post
Coimbatore, Tamil Nadu 641022, India
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Congratulations to the top recruiters:
Linda Taylor, most Individual Members;
Stanley Siviski, most Student Members;
Jorge Olvera Sanchez, most International
sponsors.

Listed are the Final Results for the
2007–2008 AWS Member-Get-a-Member
Campaign through May 31, 2008. For cam-
paign rules and a prize list, see page 81 of
this Welding Journal. If you have any ques-
tions regarding your member proposer
points, call the Membership Department,
(800) 443-9353, ext. 480.

Winner’s Circle
Members who have sponsored 20 or

more new Individual Members, per year,
since June 1, 1999. The superscript indi-
cates the number of times the member has
achieved Winner’s Circle status.
J. Compton, San Fernando Valley7

E. Ezell, Mobile6

J. Merzthal, Peru2

G. Taylor, Pascagoula2

B. Mikeska, Houston1

R. Peaslee, Detroit1

W. Shreve, Fox Valley1

M. Karagoulis, Detroit1

S. McGill, NE Tennessee1

L. Taylor, Pascagoula1

T. Weaver, Johnstown/Altoona1

G. Woomer, Johnstown/Altoona1

R. Wray, Nebraska1

M. Haggard, Inland Empire1

President’s Guild
Members sponsoring 20 or more new

Individual Members. 
L. Taylor, Pascagoula — 162
E. Ezell, Mobile — 23

President’s Roundtable
AWS Members sponsoring 9–19 new

Individual Members.
J. Compton, San Fernando Valley — 18
J. Hope, Puget Sound — 12
R. Ellenbecker, Fox Valley — 10
J. Sanchez, Cuautitlan Izcalli — 9
W. Wood, Baltimore — 9

President’s Club
AWS Members sponsoring 3–8 new

Individual Members.
R. Cook, Utah — 8
S. Christensen, Nebraska — 7
R. Ellenbecker, Fox Valley — 7
D. Wright, Kansas City — 7
A. Castro, South Florida — 6
A. Demarco, New Orleans — 5
V. Raloff, J.A.K. — 5
P. Johnson, Houston — 4
K. Kotter, Utah — 4
T. Lowe, Northwest Ohio — 4

T. Moffitt, Tulsa — 4
R. Gaffney, Tulsa — 3
L. Garner, Mobile — 3
C. Gilbert, East Texas — 3
P. Hanley, Peoria — 3
D. Hayes, Louisville — 3
T. Nielsen, Pittsburgh — 3

President’s Honor Roll
AWS Members sponsoring 1 or 2 new

Individual Members. Only those sponsor-
ing 2 AWS Individual Members are listed.
T. Alberts, Southwest Virginia
M. Beaton, North Texas
C. Bridwell, Ozark
D. Campbell, North Texas
D. Daugherty, Indiana
M. Enis, Arizona
S. Fetters, Johnstown-Altoona
W. Galvery Jr., Long Beach/Or. County
C. Gotangco, New Orleans
J. Hoffman, Lakeshore
H. Jackson, L.A/Inland Empire
C. Johnson, Northern Plains
J. Johnson, Northern Plains 
R. Key, San Antonio
J. Kozeniecki, Milwaukee
D. Landon, Iowa
S. Leighton, Louisville
J. Livesay, Nashville
J. McCarty, St. Louis
J. Nieto, Corpus Christi
R. Norris, Maine
R. Panter, Long Bch./Or. Cty.
J. Reid, Boston
F. Schmidt, Niagara Frontier
T. Shirk, Tidewater
G. Sinkule, Northern Michigan
T. Snider, Mobile
A. Sumal, British Columbia
J. Truitt, San Diego
J. Wagner, Kansas City
R. Wright, San Antonio
M. Yarmuch, Northern Alberta
P. Zammit, Spokane 

Student Member Sponsors
Members sponsoring 5 or more new

AWS Student Members are listed.
S. Siviski, Maine — 45
D. Berger, New Orleans — 38
M. Reiter, Columbus — 36
J. McCloud Jr., Puget Sound — 35
G. Euliano, Northwestern Pa. — 34
R. Evans, Siouxland — 34
D. Nelson, Puget Sound — 34
T. Zablocki, Pittsburgh — 28
M. Anderson, Indiana — 26
R. Hutchison, Long Bch./Or. Cty. — 23
N. Goncalo, Milwaukee — 21
D. Kowalski, Pittsburgh — 20
G. Smith, Lehigh Valley — 20
J. Daugherty Louisville — 19

G. Seese, Johnstown-Altoona — 19
B. Yarrison, York-Central Pa. — 19
J. Kacir, Detroit — 18
C. Kipp, Lehigh Valley — 18
D. Parker, Idaho-Montana — 18
D. Ketler, Willamette Valley — 17
M. Arand, Louisville — 16
J. Ciaramitaro, N. Central Florida — 16
T. Bridigum, Northwest — 15
J. Compton, San Fernando Valley — 15
C. Donnell, Northwest Ohio — 15
C. Hobson, Olympic — 15
T. Moore, New Orleans — 15
D. Roskiewich, Philadelphia — 15
D. Zabel, Southeast Nebraska — 15
R. Briddell, St. Louis — 14
H. Browne, New Jersey — 14
T. Geisler, Pittsburgh — 14
H. Hughes, Mahoning Valley — 14
C. Overfelt, SW Virginia — 14
A. Stute, Madison-Beloit — 14
D. Vranich, North Florida — 13
A. Wyatt, Holston Valley — 13
T. Buchanan, Mid-Ohio Valley — 12
D. Lynn, Ozark — 12
J. McCarty, St. Louis — 12
R. Munns, Utah — 12
B. Suckow, Northern Plains — 12
S. Robeson, Cumberland Valley — 11
M. Rotary, Detroit — 11
W. Harrris, Pascagoula — 10
R. Tully, San Francisco — 10
D. Aragon, Puget Sound — 9
P. Bedel, Indiana — 9
D. Williams, North Texas — 9
A. Badeaux, Washington D.C. — 8
W. Komlos, Utah — 8
M. Legel, Maine — 8
C. Schiner, Wyoming Section — 8
T. Smith, Utah — 8
J. Theberge, Boston — 8
J. Boyer, Lancaster — 7
G. Rolla, L.A/Inland Empire — 7
L. Smerglia, Cleveland — 7
T. Strickland, Arizona — 7
W. Troutman, Cleveland — 7
J. Cox, Spokane — 6
B. Hallila, New Orleans — 6
S. McDaniel, Inland Empire — 6
E. Norman, Ozark — 6
R. Richwine, Indiana — 6
T. Shirk, Tidewater — 6
L. Taylor, Pascagoula — 6
B. Wenzel, San Francisco — 6
P. Carney Jr., Lehigh Valley — 5
C. Daily, Puget Sound — 5
W. Galvery Jr., Long Bch./Or. Cty. — 5
B. Hardin, San Francisco — 5
R. Hilty, Pittsburgh — 5
R. Olesky, Pittsburgh — 5
T. Paolino, Connecticut — 5
T. Parker, Wheeling — 5
C. Yaeger, Northeastern Carolina — 5♦

Final Tally 2007–2008
Member-Get-a-Member Campaign
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District 1
Russ Norris, director
(603) 433-0855
russ.norris@airgas.com

WELDING JOURNAL

Shown at the Boston Section program are (from left) Steve Leahy, Tom Lothian, Chairman
Tom Ferri, and John Fusco.

The presenters at the Boston Section tour
included (from left) Robert Smith, James
Richards, and Ron Guimond.

Boston Section Chair Tom Ferri (left) is
shown with Warren Ballard at the Boston
Section’s golf outing in June.

Shown at the Seacoast School of Technology Student Chapter program are (from left) Kaleb
Roy, Cianbro Corp.; Dan Chabot, Pinkerton Academy; Adam Fallon, Lincoln Electric; Ad-
visor Jonathan Theberge; and Paul Plourde, New Hampshire Community Technical College.

Paul Plourde (left) and Russ Norris, Dis-
trict 1 director, are shown at the Seacoast
School of Technology Student Chapter
program.

BOSTON
MAY 19
Activity: The Section members took a
hands-on tour of a new fully equipped self-
contained welder training facility housed
in a semi-trailer located at Shawsheen Val-
ley Technical High School in Billerica,
Mass. Guide Ron Guimond, a welding in-
structor at New England School of Met-
alwork, described the eight welding
booths, fume-extraction system, gas man-
ifold system, 85-kW power supply, and
supporting equipment for training stu-
dents on SMA, FCA, GTA, and GMA
welding, and oxygen cutting. Outgoing
Section Chair Tom Ferri received a cer-
tificate of appreciation for his services
from Treasurer Gary Hylan.

JUNE 16
Activity: The Boston Section hosted its
56th annual golf outing at Ritter Farms
Golf Club in Whitman, Mass. Chairman
Tom Ferri presented outgoing treasurer
Warren Ballard with a plaque commem-
orating his many years of service to the
Section. Laurie Jones coordinated the
event. The outing drew 157 attendees.

Seacoast School of 
Technology Student Chapter
MAY 8
Activity: The Student Chapter members,
with Advisor Jonathan Theberge, toured
the new welding facility at the school. Paul
Plourde was presented his District Edu-
cator’s Award from District 1 Director
Russ Norris.
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District 2
Kenneth R. Stockton, director
(908) 412-7099
kenneth.stockton@pseg.com

Shown at the New York Section program
are speaker John Karnilaw (left) with Vice
Chair Bob Waite.

Shown at the Tidewater Section’s golf outing in April are (from left) Paul Hebert, Sonny
Price, Chris Angelo, and Dennis Menser.

Tidewater Section members and guests enjoyed a cookout at Fort Monroe, Va., in May.

Bob Waite (left), New York Section vice
chair, presents Chairman Dominick Co-
lasanto the Meritorious Service Award.

Claudia and George Bottenfield were
among the organizers of the York-Central
Pennsylvania Section’s successful scholar-
ship fund-raising event held in May.

NEW YORK
MAY 5
Speaker: John Karnilaw, technical sales
representative
Affiliation: Nelson Stud Welding
Topic: Stud welding
Activity: The Meritorious Service Award
was presented to Chairman Dominick
Colasanto. The program was held at
Buckley’s Restaurant in Brooklyn, N.Y.

District 3
Alan J. Badeaux Sr., director
(301) 753-1759
abadeaux@ccboe.com

READING
MAY 8
Activity: The Section held its reorgani-
zation meeting and announced its incom-
ing slate of officers: Joe Young, chairman;
Ed Yanowski, vice chair; Dave Hibshman,
treasurer; and Merilyn McLaughlin, sec-
retary. The Most Outstanding Senior
Awards for 2008 were presented to Mark
Ammon from Reading-Muhlenberg Ca-
reer & Technology Center; Chris Purcell
from Lebanon County Career & Tech-
nology Center; Bryan Miller from Lan-
caster Mennonite School; Austin W.
Jones from Lancaster County Career &
Technology Center; and Riley Fusselman
from Berks Career and Technology Cen-
ter West. The Section called on local busi-
nesses to donate to the District 3 Shirley
Bollinger Scholarship Fund. Together
with the Section’s matching contribution,
the Section presented $1525 to the Fund
May 17 during the Monte Carlo fund-
raising event sponsored by the York-
Central Pennsylvania Section. 

YORK-CENTRAL PA.
MAY 17
Activity: The Section held its annual

Monte Carlo fund-raising event to bene-
fit the District 3 Shirley Bollinger Schol-
arship Fund. Claudia Bottenfield chaired
the event committee. Attendees enjoyed
games of chance, bidding on auction
items, and dancing to the music of DJ Jeff
Peters. The Bollinger family members
were among the 85 attendees.  The event,
held at Heritage Hills Golf Resort &
Conference Center, York, Pa.,  raised
more than $10,000. 

District 4
Roy C. Lanier, director
(252) 321-4285
rlanier@email.pittcc.edu

TIDEWATER
APRIL 17
Activity: The Section hosted its annual
Larry O’Bryan golf outing at Cypress
Creek Golf Club in Suffolk, Va. Ninety-
six golfers participated in the event.

MAY 15
Activity: The Tidewater Section held its
annual fish and seafood cookout at Fort
Monroe, Va.

District 5
Steve Mattson, director
(904) 260-6040
stevemattson@bellsouth.net
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Susan Rose discussed ways to cut insur-
ance costs at the West Palm Beach Section
program.

The AlcoTec team took first place at the Western Carolina Section golf outing in May.

Members of the Lawson State Community College Student Chapter are shown at the Birm-
ingham Section program in April.

Bill Ballis discussed the fine points of oxy-
fuel welding for the Dayton Section.

DAYTON
MAY 13
Speaker: Bill Ballis, welding engineer
Affiliation: Columbia Gas, ret.
Topic: Oxyfuel welding
Activity: The meeting was held at LaPi-
azza Restaurant in Troy, Ohio.

District 8 Conference
JUNE 5, 6
Activity: See story on page 67

WESTERN CAROLINA
MAY 27
Activity: The Section hosted its fourth
annual golf tournament at the Village
Green Golf and Country Club in Inman,
S.C. The Section plans to use the pro-
ceeds to sponsor scholarships for four

N. CENTRAL FLORIDA
MAY 13
Speaker: Bill Seyfarth, welding inspec-
tor
Affiliation: Weldtest Services
Topic: Qualification of welders and weld-
ing procedures
Activity: The Section installed its incom-
ing slate of officers. Named are Mark
Geiger, chairman; Bill Myers, secretary;
Bill Seyfarth, treasurer; and executive
committee members Don Thompson,
Michael Bannester, and J. T. Mahoney.
Thirty-two members attended the event,
held at Florida Department of Trans-
portation in Gainesville, Fla.

WEST PALM BEACH
MAY 21
Speaker: Susan Rose
Affiliation: Hefferman Insurance Co.
Topic: How to reduce the costs of busi-
ness insurance and workman’s compen-
sation
Activity: The program was held at Palm
Beach Community College in West Palm
Beach, Fla.

District 6
Neal A. Chapman, director
(315) 349-6960
weldingengineer@inbox.com

District 7
Don Howard, director
(814) 269-2895
howard@ctc.com

District 8
Joe Livesay, director
(931) 484-7502, ext. 143
joe.livesay@ttcc.edu

students in the 2008–2009 school year.
The AlcoTec team headed by Mike
Dortch took first-place honors. Duke
Moses, vice chair, coordinated the event.

BIRMINGHAM
APRIL 3
Speaker: Dave Sansome, director
MetalForm Exposition
Topic: Equipment and products for the
metal stamping and fabrication industries
Activity: Forty Section members had a
hands-on opportunity to work with some
of the equipment and products on dis-
play. The exposition was held at Birm-

District 9
George D. Fairbanks Jr., director
(225) 473-6362
fits@bellsouth.net
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ingham Jefferson Civic Center. Members
of the Lawson State C.C. Student Chap-
ter, Roy Ledford Jr., advisor, attended
the program.

MAY 10
Activity: The Birmingham Section hosted
its Weld-Off competition at Lawson State
Community College in Birmingham, Ala.
Twenty-one students representing four
local schools participated in the event.
The top-three welders were awarded col-
lege scholarships.

NW PENNSYLVANIA
MAY 13
Speaker: Michael Owens, chairman of the
Drake Well Section; head welding engi-
neer
Affiliation: Joy Mining Machinery
Topic: The manufacture of underground
mining equipment
Activity: The dinner and meeting were
held at Tri-State Business Institute in
Erie, Pa.

DETROIT
JUNE 14
Activity: The Section held a business
meeting at The Inn at St. Johns, in
Northville, Mich. Chairman David
Beneteau presented a review of the past
year, then conducted the installation of
the incoming board members Dave Kelly,
Denise Dehn, and Steve Esders. Beneteau
passed his chairman’s gavel to incoming

Chair Michael Karagoulis. Eftihios Sir-
adakis, District 11 director, presented
Beneteau with a plaque of appreciation
for his services as Section chairman.

NORTHWEST OHIO
MAY 29
Activity: The Section members toured
the 180th Tactical Fighter Squadron Base
in Toledo, Ohio. They visited the nonde-
structive evaluation labs, and the weld-
ing, machine, and sheet metal shops for
maintaining F-16 fighter jets. The high-
lights included seeing an F-16 going
through a phase inspection, and viewing
a nighttime launch. The tour was led by
AWS member Ian Eller Bush, a staff ser-
geant at Ohio Air National Guard at
Toledo Express Airport. 

RACINE-KENOSHA
MAY 30
Activity: Welding instructor and Section
Vice Chair Ken Karwowski honored ten
students on their graduation from Weld-
ing Boot Camp, an 8-week, 40
hours/week classroom and hands-on
training program developed to address
the need for skilled welders in southeast-
ern Wisconsin. The graduates included
Geoffrey Cummings, Alexander Marion,
Dustin Fuerst, Wesley Boettcher, Chase
Jacobson, Ryan Cramer, Craig Savage,
Allen Honaker, Stephen Rodriguez, and
Darron Schatzman. The Boot Camp was
conducted at the Bert Jensen & Sons
metal fabrication facilities in Racine in
partnership with the Workforce and Eco-
nomic Development division of Gateway
Technical College. The event was at-
tended by Roberta Gassman, secretary,
Wisconsin Department Workforce De-
velopment; and Bryan Albrecht, presi-
dent, Gateway Technical College. The
event was held at the college’s CATI Cen-
ter in  Sturtevant, Wis.

Shown are the participants in the Birmingham Section’s Weld-Off event held May 10. 

Speaker Mike Owens (right), chair of the
Drake Well Section, is shown at the NW
Pennsylvania Section program with Chair-
man Mark Brereton.

Eftihios Siradakis (left), District 11 direc-
tor, recognized David Beneteau for his
achievements as Detroit Section chairman.

Incoming Detroit Section Chair Michael
Karagoulis (left) is shown with David
Beneteau, outgoing chairman.

District 10
Richard A. Harris, director
(440) 338-5921
richaharris@alltel.net

District 11
Eftihios Siradakis, director
(989) 894-4101
ft.siradakis@airgas.com

District 12
Sean P. Moran, director
(920) 954-3828
sean.moran@hobartbrothers.com

District 13
W. Richard Polanin, director
(309) 694-5404
rpolanin@icc.edu

District 13 Conference
JUNE 6
Activity: The District 13 conference was
held at Starved Rock Lodge in Utica, Ill. 

CHICAGO
MAY 28
Activity: The Section held a board meet-
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District 14
Tully C. Parker, director
(618) 667-7795
tparke@millerwelds.com

District 15
Mace V. Harris, director
(612) 861-3870
macevh@aol.com

ing at Bohemian Crystal Restaurant in
Chicago, Ill., to plan for the District 13
conference. In attendance were Chair
Craig Tichelar, Treasurer Marty Vondra,
Cliff Iftimie, Pete Host, Eric Krauss,
Vicky Landorff, Chuck Hubbard, and
Jim Greer, a past AWS president.

ILLINOIS VALLEY
JUNE 4
Activity: Michael Merriman presented a
talk on the history of welding. District 13
Director Richard Polanin attended the
program. The meeting was held at
Maples Supper Club in Peru, Ill. 

District 14 Conference
JUNE 14
Activity: District 14 Director Tully Parker
conducted the conference at Brown
County State Park in Nashville, Ind. Sam
Gentry, AWS Foundation executive di-
rector, attended the program.

ST. LOUIS
MAY 17
Activity: This year, the Section combined
its annual past chairmen’s celebration to
include an outing to watch the Gateway
Grizzlies baseball game.

Shown at the Chicago Section board meeting are (from left) Cliff Iftimie, Pete Host,
Chair Craig Tichelar, Eric Krauss,Vicky Landorff, Chuck Hubbard, Jim Greer, and
Marty Vondra.

Shown are the attendees at the District 13 conference held June 6 at Starved Rock Lodge.

Shown at the Racine-Kenosha Welding Boot Camp graduation are (from left) instructor Ken Karwowski, and students Geoffrey Cummings,
Alexander Marion, Dustin Fuerst, Wesley Boettcher, Chase Jacobson, Ryan Cramer, Craig Savage, Allen Honaker, Stephen Rodriguez, and
Darron Schatzman. 
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District 14 Director Tully Parker (far left) is shown with the other attendees at the District 14 conference held June 14.

St. Louis Section members and guests enjoyed an outing to the ball park to watch the Gate-
way Grizzlies in May.

Outgoing Alaska Section chair Bruce Weis-
man (left) receives a certificate of appreci-
ation from Secretary Craig Carey.

Creighton Moore (left), Alaska Section
treasurer, presents a $500 check to speaker
and SkillsUSA winner Clayton Laulainen.

Having some fun at the District 16 conference are (from left) Eric Peterson; David Landon,
District 16 director; Ray Shook, AWS executive director; and Charles Burg, a past District
16 director.
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District 17
J. J. Jones, director
(940) 368-3130
jjones@thermadyne.com

District 16 Conference
JUNE 14
Activity: Representatives from the Dis-
trict 16 Sections met at Vermeer Mfg. Co.
in Ankeny, Iowa, for the annual confer-
ence. In attendance were District 16 Di-
rector David Landon; Charles Burg, a
past District 16 director; and Ray Shook,
AWS executive director. Eric Peterson
was presented the District 16 Director
Certificate Award.

ALASKA
MAY 16
Activity: Clayton Laulainen, a student at
Colony High School who won second
place in the Alaska SkillsUSA competi-
tion, presented a talk detailing his edu-
cation plans to prepare him to become
an undersea diver and welder. The Sec-
tion gave him $500 to defray his travel ex-
penses to SkillsUSA. Outgoing Chair
Bruce Weisman received a certificate of
appreciation from Craig Carey, secretary.
Peter Macksey was installed as the in-
coming chairman. All other officer posi-
tions remain the same. Other discussions
included the welding classes at Colony
High School in Matanuska Valley, and
planning more hands-on-type meetings
to stimulate attendance.

OLYMPIC
MAY 28
Speaker: Robyn Westphal, technical sales
representative
Affiliation: The Lincoln Electric Co.
Topic: Innovations in welding robotics
Activity: The program was held at Clover
Park Technical College in Lakewood,
Wash. 

District 18
John Bray, director
(281) 997-7273
sales@affiliatedmachinery.com

District 19
Neil Shannon, director
(503) 419-4546
neilshnn@msn.com

Shown at the Olympic Section program are (from left) Marvin Nitta, vice chair; Chairman
Bob Plummer; speaker Robyn Westphal; and Dan Main, instructor, Clover Park Technical
College.

Shown at the Idaho-Montana Section program are (from left) Vic Storhock; Nancy M. Carl-
son, past District 20 director; and Jim Davidson.

High school students check out one of the prize tables during the California Central Coast
welding competition held April 26.

District 16
David Landon, director
(641) 621-7476
dlandon@vermeermfg.com
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Gary Siefert (right), shown with John Flinn,
explained wind energy concepts at the
Idaho-Montana Section meeting.Shown working the California Central Coast Section’s booth May 3 are (from left) Chair

Stan Luis, Connie Compton, and Jack Compton, District 21 director. Luis is displaying a
Welding Journal while Compton holds up a copy of the popular Iron Man comic book.

California Central Coast Section Chair Stan Luis is shown Dec. 7, 2007, with Judie Fer-
reira at the Arellanes Jr. High School career day event.

ALBUQUERQUE
APRIL 17
Speaker: Mark F. Smith, senior manager
Affiliation: Sandia National Labs, manu-
facturing process, science, and technology
Topic: Thermal spray technology
Activity: Members of the Los Alamos
Chapter of ASM International attended
this event. The meeting was held at Hol-
iday Inn in Santa Fe, N.Mex.

IDAHO-MONTANA
MAY 15
Speakers: Gary Siefert and Kurt Myers
Affiliation: Idaho National Laboratory
(INL)
Topic: Features of the Skystream 3.7™

District 21
Jack D. Compton, director
(661) 362-3218
jack.compton@canyons.edu

District 22
Dale Flood, director
(916) 288-6100, ext. 172
flashflood@email.com

CALIFORNIA CENTRAL
COAST

DECEMBER 7, 2007
Activity: The Section participated in a ca-
reer day for Arellanes Jr. High School
students. Judie Ferreira, grant coordina-
tor, Allan Hancock College, discussed
welding opportunites in the area.

APRIL 17
Activity: The Section participated in a ca-
reer day event at Fesler Jr. High School.
Section Chair Stan Luis, territory man-
ager for Praxair, made a presentation.
The event included a welding trailer of-
fering students a hands-on opportunity
to weld and try the latest equipment.

APRIL 26
Activity: The Section hosted a welding
competition for local high school stu-
dents  at Allan Hancock College in Santa
Maria, Calif. The event included a car
show and a barbecue dinner.

MAY 3
Activity: The Section manned a booth at
the FFA State Finals event held at Cuesta
College. On hand were Chairman Stan
Luis, and Connie and Jack Compton,
District 21 director.

MAY 29
Activity: The California Central Coast
Section arranged a tour for Ernest
Righetti High School students to visit
Melfred Borzall, Inc., a manufacturer of
horizontal directional rock and soil cut-
ting tools in Santa Maria, Calif. Company
President Dick Melsheimer conducted
the tour of the CAD engineering depart-
ment and machine shop.

wind-powered  generator installed at Sky-
line High School
Activity: The INL Retired Employees As-
sociation invited member organizations
of the Eastern Idaho Engineering Coun-
cil, of which the Section is a member, to
learn about the wind-powered generator
technology and the collaboration among
INL, Idaho Falls Power, School District
91, and Wheeler Electric. Representatives
from the school district included Bill
Carins, K. C. Jones, and Justin Taylor.
Paul Tremblay discussed the merits of the
AWS Iron Man comic book and distrib-
uted copies to the teachers, and others
present. The INL Center for Advanced
Energy studies requested 100 additional
copies to use as part of its high school out-
reach program.

District 20
William A. Komlos, director
(801) 560-2353
bkoz@arctechllc.com
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Guide to AWS Services
550 NW LeJeune Rd., Miami, FL 33126

www.aws.org; (800/305) 443-9353; FAX (305) 443-7559
(Staff telephone extensions are shown in parentheses.)

AWS PRESIDENT
Gene E. Lawson
glawson@esab.com

ESAB Welding & Cutting Products
25108 Margurite Pkwy. PMB #165 

Mission Viejo, CA 92692

ADMINISTRATION
Executive Director

Ray W. Shook.. rshook@aws.org  . . . . . . . .(210)

CFO/Deputy Executive Director
Frank R. Tarafa.. tarafa@aws.org  . . . . . . . .(252)

Deputy Executive Director
Cassie R. Burrell.. cburrell@aws.org  . . . . .(253)

Associate Executive Director
Jeff Weber.. jweber@aws.org . . . . . . . . . . . .(246)

Executive Assistant for Board Services
Gricelda Manalich.. gricelda@aws.org . . . .(294)

Administrative Services
Managing Director

Jim Lankford.. jiml@aws.org  . . . . . . . . . . .(214)

IT Network Director
Armando Campana..acampana@aws.org . . .(296)

Director
Hidail Nuñez..hidail@aws.org . . . . . . . . . . . . . .(287)

Database Administrator
Natalia Swain..nswain@aws.org . . . . . . . . . . . .(245)

Human Resources
Director, Compensation and Benefits

Luisa Hernandez.. luisa@aws.org  . . . . . . .(266)

Manager, Human Resources 
Dora A. Shade.. dshade@aws.org . . . . . . . .(235)

INT’L INSTITUTE of WELDING
Senior Coordinator 

Sissibeth Lopez . . sissi@aws.org  . . . . . . .(319)
Provides liaison services with other national and
international professional societies and standards
organizations.

GOVERNMENT LIAISON SERVICES
Hugh K. Webster. . .  hwebster@wc-b.com
Webster, Chamberlain & Bean, Washington, D.C.,
(202) 785-9500; FAX (202) 835-0243. Identifies
funding sources for welding education, re-
search, and development. Monitors legislative
and regulatory issues of importance to the weld-
ing industry.

Brazing and Soldering 
Manufacturers’ Committee

Jeff Weber.. jweber@aws.org . . . . . . . . . . . .(246)

RWMA — Resistance Welding 
Manufacturing Alliance

Manager
Susan Hopkins.. susan@aws.org  . . . . . . . .(295)

WEMCO — Welding Equipment
Manufacturers Committee

Manager
Natalie Tapley.. tapley@aws.org  . . . . . . . . .(444)

CONVENTION and EXPOSITIONS
Associate Executive Director

Jeff Weber.. jweber@aws.org . . . . . . . . . . . .(246)

Corporate Director, Exhibition Sales
Joe Krall.. jkrall@aws.org  . . . . . . . . . . . . . .(297)
Organizes the annual AWS Welding Show and

Convention, regulates space assignments, regis-
tration items, and other Expo activities.

PUBLICATION SERVICES
Department Information  . . . . . . . . . . . . . . .(275)

Managing Director
Andrew Cullison.. cullison@aws.org  . . . . .(249)

Welding Journal
Publisher

Andrew Cullison.. cullison@aws.org  . . . . .(249)

Editor
Mary Ruth Johnsen.. mjohnsen@aws.org (238)

National Sales Director
Rob Saltzstein.. salty@aws.org . . . . . . . . . .(243)

Society and Section News Editor
Howard Woodward..woodward@aws.org  .(244)

Welding Handbook
Welding Handbook Editor

Annette O’Brien.. aobrien@aws.org  . . . . .(303)
Publishes the Society’s monthly magazine, Weld-

ing Journal, which provides information on the
state of the welding industry, its technology, and
Society activities. Publishes Inspection Trends, the
Welding Handbook, and books on general welding
subjects.

MARKETING COMMUNICATIONS
Director

Ross Hancock.. rhancock@aws.org  . . . . .(226)

Assistant Director
Adrienne Zalkind.. azalkind@aws.org  . . . .(416)

Webmaster
Angela Miller..amiller@aws.org  . . . . . . . . .(456)

MEMBER SERVICES
Department Information  . . . . . . . . . . . . . . .(480)

Deputy Executive Director
Cassie R. Burrell.. cburrell@aws.org  . . . . .(253)

Director
Rhenda A. Mayo... rhenda@aws.org  . . . . .(260) 
Serves as a liaison between Section members and
AWS headquarters. Informs members about AWS
benefits and activities.

CERTIFICATION SERVICES
Department Information  . . . . . . . . . . . . . . .(273)

Managing Director, Certification Operations
John Filippi..jfilippi@aws.org  . . . . . . . . . . .(222)

Managing Director, Technical Operations
Peter Howe.. phowe@aws.org  . . . . . . . . . . .(309)

Manages and oversees the development, in-
tegrity, and technical content of all certification
programs.

Director, Int’l Business & Certification Programs
Priti Jain.. pjain@aws.org  . . . . . . . . . . . . . .(258)

Directs all int’l business and certification pro-
grams. Is responsible for oversight of all agencies
handling AWS certification programs.

EDUCATION SERVICES 
Managing Director

Dennis Marks.. dmarks@aws.org  . . . . . . . .(449)

Director, Education Services Administration
and Convention Operations

John Ospina.. jospina@aws.org  . . . . . . . . .(462)

AWS AWARDS, FELLOWS, COUNSELORS
Senior Manager

Wendy S. Reeve.. wreeve@aws.org  . . . . . .(293)
Coordinates AWS awards and AWS Fellow and
Counselor nominees.

TECHNICAL SERVICES
Department Information  . . . . . . . . . . . . . . .(340)

Managing Director
Andrew R. Davis.. adavis@aws.org  . . . . . .(466)

Int’l Standards Activities, American Council of
the Int’l Institute of Welding (IIW) 

Director, National Standards Activities
John L. Gayler.. gayler@aws.org  . . . . . . . .(472)
Personnel and Facilities Qualification, Comput-

erization of Welding Information

Manager, Safety and Health
Stephen P. Hedrick.. steveh@aws.org (305)
Metric Practice, Safety and Health, Joining of

Plastics and Composites, Welding Iron Castings

Technical Publications
AWS publishes about 200 documents widely used

throughout the welding industry.
Senior Manager 

Rosalinda O’Neill.. roneill@aws.org  . . . . .(451)

Staff Engineers/Standards Program Managers
Annette Alonso.. aalonso@aws.org  . . . . . .(299)
Automotive Welding, Resistance Welding, Oxy-
fuel Gas Welding and Cutting, Definitions and
Symbols, Sheet Metal Welding

Stephen Borrero.. sborrero@aws.org . . . . .(334)
Joining of Metals and Alloys, Brazing and Sol-

dering, Brazing Filler Metals and Fluxes, Brazing
Handbook, Soldering Handbook

Rakesh Gupta.. gupta@aws.org  . . . . . . . . .(301)
Filler Metals and Allied Materials, Int’l Filler

Metals, Instrumentation for Welding, UNS Num-
bers Assignment

Brian McGrath . bmcgrath@aws.org  . . . . .(311)
Methods of Inspection, Mechanical Testing of

Welds, Welding in Marine Construction, Piping
and Tubing, Robotic and Automatic Welding

Selvis Morales.....smorales@aws.org  . . . . .(313)
Welding Qualification, Structural Welding

Matthew Rubin.....mrubin@aws.org  . . . . . .(215)
Machinery and Equipment, Robotics Welding,

Arc Welding and Cutting Processes

Reino Starks...rstarks@aws.org  . . . . . . . . .(304)
Welding in Sanitary Applications, High-Energy

Beam Welding, Aircraft and Aerospace, Friction
Welding, Railroad Welding, Thermal Spray

Note: Official interpretations of AWS standards
may be obtained only by sending a request in writ-
ing to the Managing Director, Technical Services.
Oral opinions on AWS standards may be ren-
dered. However, such opinions represent only the
personal opinions of the particular individuals
giving them. These individuals do not speak on
behalf of AWS, nor do these oral opinions con-
stitute official or unofficial opinions or interpre-
tations of AWS. In addition, oral opinions are in-
formal and should not be used as a substitute for
an official interpretation.
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Only Sustaining Members, Mem-
bers, Honorary Members, Life
Members, or Retired Members

who have been members for a period of
at least three years shall be eligible for
election as a director or national officer.

It is the duty of the National Nominat-
ing Committee to nominate candidates for
national office. The committee shall hold an
open meeting, preferably at the Annual
Meeting, at which members may appear
to present and discuss the eligibility of all
candidates.

To be considered a candidate for the po-
sitions of president, vice president, treas-
urer, or director-at-large, the following qual-
ifications and conditions apply:

President: To be eligible to hold the of-
fice of president, an individual must have
served as a vice president for at least
one year.

Vice President: To be eligible to hold the
office of vice president, an individual must
have served at least one year as a director,
other than executive director and secretary.

Treasurer: To be eligible to hold the of-

fice of treasurer, an individual must be a
member of the Society, other than a Stu-
dent Member, must be frequently avail-
able to the national office, and should be
of executive status in business or industry
with experience in financial affairs.

Director-at-large: To be eligible for
election as a director-at-large, an individ-
ual shall previously have held office as
chairman of a Section; as chairman or
vice chairman of a standing, technical,
or special committee of the Society; or
as District director.

Interested persons should submit a let-
ter stating which office they seek, including
a statement of qualifications, their willing-
ness and ability to serve if nominated and
elected, and a biographical sketch.

E-mail the letter to Gricelda Manalich,
gricelda@aws.org, c/o Gerald D. Uttrachi,
chair, National Nominating Committee.

The next meeting of the National
Nominating Committee is scheduled for
October 2008. The terms of office for can-
didates nominated at this meeting will
commence January 1, 2010.

The Honorary-Meritorious Awards Committee makes recommendations for the
nominees presented for Honorary Membership, National Meritorious Certificate,
William Irrgang Memorial, and the George E. Willis Awards. These awards are

presented during the FABTECH International & AWS Welding Show held each fall.
The deadline for submissions is December 31 prior to the year of awards presentations.
Send candidate materials to Wendy Sue Reeve, secretary, Honorary Meritorious Awards
Committee, wreeve@aws.org; 550 NW LeJeune Rd., Miami, FL 33126. Descriptions of
the awards follow.

William Irrgang Memorial Award is
awarded each year to the individual who
has done the most over the past five years
to enhance the American Welding Soci-
ety’s goal of advancing the science and
technology of welding. 

This award consists of a $2500 honar-
ium and a certificate. It is presented dur-
ing the FABTECH International & AWS
Welding Show held each fall. The award
is administered by the American Welding
Society and sponsored by The Lincoln Elec-
tric Co. to honor the late William Irrgang.

George E. Willis Award is awarded each
year to an individual who promotes the
advancement of welding internationally
by fostering cooperative participation in
areas such as technology transfer, stan-
dards rationalization, and promotion of
industrial goodwill. 

The award consists of a $2500 honar-
ium and a certificate. It is presented dur-
ing the FABTECH International & AWS
Welding Show held each fall. The award
is administered by the American Welding
Society and sponsored by The Lincoln
Electric Co. to honor George E. Willis.

Honorary Membership Award is pre-
sented to a person of acknowledged emi-
nence in the welding profession, or who is
accredited with exceptional accomplish-
ments in the development of the welding
art, upon whom the American Welding So-
ciety sees fit to confer an honorary distinc-
tion. Honorary Members have full rights
of membership.

National Meritorious Certificate
Award is given in recognition of the can-
didate’s counsel, loyalty, and devotion to
the affairs of the Society, assistance in pro-
moting cordial relations with industry and
other organizations, and for the contribu-
tion of time and effort on behalf of the
Society.

International Meritorious Certificate
Award is given in recognition of signifi-
cant contributions to the welding industry
for service to the international welding
community in the broadest terms. The
awardee is not required to be an AWS
member. Multiple awards may be given.
The award consists of a certificate and a
one-year AWS membership.

AWS Publications Sales

Purchase AWS standards, books, 
and other publications from

World Engineering Xchange (WEX), Ltd.
orders@awspubs.com; www.awspubs.com
Toll-free (888) 935-3464 (U.S., Canada)

(305) 824-1177; FAX (305) 826-6195

Welding Journal Reprints
Copies of Welding Journal articles may be

purchased from Ruben Lara.
(800/305) 443-9353, ext. 288; rlara@aws.org

Custom reprints of Welding Journal
articles, in quantities of 100 or more, 

may be purchased from 
FosteReprints

Toll-free (866) 879-9144
sales@fostereprints.com

AWS Mission Statement

The mission of the American Welding
Society is to advance the science, 

technology, and application of 
welding and allied processes, 

including joining, brazing, soldering, 
cutting, and thermal spraying.

It is the intent of the American Welding
Society to build AWS to the highest qual-
ity standards possible. The Society wel-
comes your suggestions. Please contact
any staff member or AWS President Gene
E. Lawson, as listed on the previous page.

AWS Foundation

AWS Foundation, Inc., is a not-for-profit
corporation established to provide support for
educational and scientific endeavors of the
American Welding Society. Information on
gift-giving programs is available upon request.

Chairman, Board of Trustees
Ronald C. Pierce

Executive Director, AWS
Ray Shook, ext. 210, rshook@aws.org

Executive Director, Foundation
Sam Gentry, ext. 331, sgentry@aws.org

Corporate Director, SOS
Monica Pfarr, ext. 461, mpfarr@aws.org

550 NW LeJeune Rd., Miami, FL 33126
(305) 445-6628; (800) 443-9353, ext. 293

general information:
(800) 443-9353, ext. 689; vpinsky@aws.org

Nominees for National Office

Honorary Meritorious Awards
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The AWS Radiographic Interpreter training and certification program
assures employers and practitioners alike that the principles of radiographic
interpretation are reliably applied to the examination of welds. If your job
responsibilities include reading and interpretation of weld radiographs, this
program is for you. You’ll learn proper film exposure, correct selection of
penetrameters, characterization of indications, and use of acceptance
criteria as expressed in the AWS, API and ASME codes.
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Get certified as an AWS
Radiographic Interpreter.

For more information on the course, qualification requirements,
certification exams, and test locations, visit our website at
www.aws.org/certification/CRI or call 1-800-443-9353 ext 273
(outside U.S., call 305-443-9353).

NDE professionals and
current AWS CWIs:

Career growth
takes vision.

Founded in 1919 to advance the science, technology and
application of welding and allied joining and cutting
processes, including brazing, soldering and thermal spraying.

NEW! If you are a CWI, certification as a Radiographic Interpreter (CRI) can now exempt
you from your next 9-Year CWI Recertification Exam.

SEMINAR AND
EXAM LOCATIONS

St. Louis, MO
Seminar:
Aug. 18-22
Exam: Aug. 23

Denver, CO
Seminar:
Sept. 15-19
Exam: Sept. 20

Philadelphia, PA
Seminar:
Oct. 20-24
Oct. 25

Seattle, WA
Seminar:
Nov. 17-21
Exam: Nov. 22

Jacksonville, FL
Seminar:
Dec. 8-12
Exam: Dec. 13
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NEW
LITERATURE

Portable Power Tools
Pictured in Catalog

The 140-page, full-color, profusely il-
lustrated General Catalog 2008–2009,
Power Tools, Accessories and Abrasives, in-
cludes new lines of upgraded small-angle
grinders, rotary hammers equipped with
antivibration side handles, and two dem-
olition hammers. Detailed specifications,
photographs, charts, and colorful graph-
ics are provided for all professional-grade
product lines, including cordless and
corded drills, screwdrivers, rotary ham-
mers, bench-top woodworking tools, saws,
sanders, grinders, abrasives, grinding
wheels, and numerous accessories. An up-
dated list of company-authorized service
centers and a comprehensive parts list are
included. The PDF catalog can be viewed
or downloaded from the Web site; or call
to request a hard copy.

Metabo Corp.
www.metabousa.com
(800) 638-2264

Soldering Videos 
Featured on Web Site

A new Web site offers an extensive
video library demonstrating the best tools
and techniques for specific applications.
The Web site is designed for assembly en-
gineers who seek information to help im-
prove job performance and productivity
using information gained from the de-
tailed narratives about soldering, the im-
pact of compliance with RoHS (restric-
tion of hazardous substances), tips about
troubleshooting, maintenance, and other

topics. Details are provided on the com-
pany’s lines of soldering irons, solder pots,
and resistance soldering equipment. 

American Beauty Soldering Tools
www.americanbeautytools.com
(800) 550-2510

Laser Cutting Guide
Updated

The second edition of Laser Institute
of America’s LIA Guide to Laser Cutting
includes many new sections applicable to
everyday operations making it a good
companion volume to Laser Cutting —
Guide for Manufacturing. New to this edi-
tion are a buying guide featuring a step-
by-step guide to evaluate how a machine
will perform for a particular job; updated
cutting speed tables for machines that use
nitrogen; additional tips addressing cut
width and taper, start/stop marks, thermal
distortion, heat-affected zones including
laser cutting of mild/carbon steel, stain-
less steel, and nonferrous alloys; plus an
extensive illustrated troubleshooting
guide for adjusting the machine for best
results using more than 20 color photos
and numerous figures. The 90-page guide
is $49 list, $39 to LIA members. The book
can be purchased by phone or online.

Laser Institute of America
www.laserinstitute.org/store/LMPPUBS/122
(407) 380-1553

Markal Web Site Serves
Welders and Metalworkers

The company has launched an interac-
tive Web site geared specifically for weld-
ing and metalworking professionals. The
site permits easy browsing of the com-

pany’s complete lines of industrial mark-
ing products with in-depth product details
and photos. Included are temperature in-
dicators and holders, grade markers, liq-
uid paint markers, solid paint markers,
low-halogen markers, permanent ink
markers, lumber crayons, and specialty
markers. Brochures can be downloaded
as well as an extensive library of Material
Safety Data Sheets. Another feature is a
Where to Buy tool for generating a list of
local distributors keyed to postal ZIP code
and distance in miles from your location.

LA-CO Industries, Inc./Markal
www.markal.com
(800) 621-4025

Book Details Weld 
Process Monitoring 

Real-Time Weld Process Monitoring, au-
thored by numerous experts in the field,
is edited by Y-M Zhang, professor of elec-
trical engineering at the University of
Kentucky. After an introductory chapter,
the first part of the book reviews the range
of sensor technologies in welding, from
arc and optical sensors to infrared and ul-
trasonic techniques. Part two discusses the
monitoring of particular aspects of weld-
ing such as weld joints and profiles, the
analysis of weld penetration and weld pool
surface, as well as monitoring of resist-
ance and laser welding. Published by Re-
search and Markets Ltd., Guinness Cen-
ter, Taylors Lane, Dublin 8, Ireland, the
price is approximately $340 plus shipping.
Visit www.researchandmarkets.com/reports
/596732.
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Focus on global growth and have a world of fun at the
2009 WEMCO Annual Meeting in San Diego.

Think globally. Act pampered.

WEMCO, a Standing Committee of the American
Welding Society, is committed to collaborating with
fellow industry leaders to stay relevant and dynamic
in this the ever-changing global economy. On
February 26-28, 2009, WEMCO executives will spend
several days at the Rancho Bernardo Inn Golf Resort
and Spa, in San Diego, Calif., analyzing:
• Industry globalization and economic potential in

emerging markets
• Trends and related issues of private labeling
• Issues surrounding rapid growth and expansion

A world of information on global opportunities
WEMCO understands the importance of networking
with fellow industry leaders to promote the welding
industry, and encourages its growth and
development. Each year, the WEMCO Annual Meeting
continues to bring together top-level executives from
major welding equipment manufacturers
throughout the United States and Canada. In 2009,
some of the featured presenters will include Dick
Couch, president & CEO of Hypertherm, and Chris
Ebeling, VP & general manager of Linde Canada, Ltd.
Also joining WEMCO will be the highly-anticipated
Alan Beaulieu of the Institute for Trend Research.

Beaulieu’s delivery of his economic forecast has
proven accurate, as well as entertaining.

We cordially invite executives of welding
equipment/products manufacturing companies to
join WEMCO on February 26-28 to represent their
organizations. The networking opportunities are
immense, and the information is invaluable. Read
some of the feedback from past attendees:
“The best such conference that I have ever
attended.”

“Great meeting. Excellent speakers.”
“Great program. Just the right mix we needed.”
“Terrific program content, relevant topics,
interesting speakers.”

“The program was excellent all the way through.
I wish other associations were as good.”

How to register
Attendance fees are $720 per attendee, and $225 for
spouses and guests. WEMCO has also secured a group
rate with the Rancho Bernardo Inn of $250 per room,
per night, plus applicable taxes. Go to the WEMCO
website (www.aws.org/wemco) to download your
2009 Registration Form today. Forms can be
submitted via e-mail at wemco@aws.org, or via fax

to (305) 442-7451. Deadline to register for the 2009
WEMCO Annual Meeting is January 26, 2009.

For further information about the annual meeting,
please contact Natalie James-Tapley at (800) 443-
9353, ext. 444, or via e-mail at tapley@aws.org.

Note: Guests eligible for WEMCO membership may
attend only one WEMCO Annual Meeting before
joining the committee.

Annual Meeting
Feb. 26-28

Rancho Bernardo Inn
Golf Resort and Spa

San Diego

WELDING EQUIPMENT MANUFACTURERS COMMITTEE
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PERSONNEL

IMAGE Industries Names
Applications Engineer

IMAGE Industries,
Huntley, Ill., a manu-
facturer of stud weld-
ing equipment, has
named Elie Klachkin
to the newly created
position of regional
applications engi-
neer, responsible for
the northeastern
states from Maine to
Virginia. Based in

New Jersey, Klachkin previously worked
for Instruments and Controls, Measure-
ment Systems, and CTI Electronics.

Parlec Appoints President

Parlec, Inc., Fairport, N.Y., a supplier
of tooling, work-holding, and presetting
solutions, has appointed Doug Woods
president. Woods previously served as
president of Parlec International. He suc-
ceeds Michael Nuccitelli, formerly  presi-
dent and CEO, who currently serves ex-
clusively as CEO.

Motoman Names VP

Tom Bryant has
been promoted to
vice president, Stan-
dards & Logistics
Group, at Motoman
Inc., Dayton, Ohio.
Since joining the
company in 2003,
Bryant served as sen-
ior director of the
group. Previously he
worked in the robot-
ics industry for 20

years as a process engineer, project man-
ager, and operations manager.

CML Names Three
Representatives

CML USA, Inc., Davenport, Iowa, a
manufacturer of tube, pipe, and profile
bending and metalworking machinery, has
named Gerry Rhode, Sean Sharp, and
Beryl Francis manufacturer representa-
tives for its Ercolina® product line.
Rhode will service accounts in Wyoming,
Utah, Colorado, and New Mexico. Sharp

will cover Delaware, Maryland, Virginia,
and eastern Pennsylvania. Francis will
service accounts in the Carolinas.

ESAB Taps Filler Metals VP

ESAB Welding &
Cutting Products,
Florence, S.C., has
named Michael J.
Ostaffe vice presi-
dent of product man-
agement and devel-
opment — filler met-
als for North Amer-
ica. Prior to joining
the company, Ostaffe
worked for Honey-
well, General Elec-

tric, Philips, and A. T. Kearney in various
management and consulting roles.

Obituary

Paul Dean O’Leary

Paul “Butch” Dean O’Leary, 59, died
Oct. 26, 2007, at his home in Beef Trail,
Mont. An AWS member with the
Idaho/Montana Section since 1976, he
served as a vice chairman 1991–1993.

O’Leary was born in Butte, Mont.,
where he grew up at the Staghorn Ranch
working as a dude wrangler and hunting
guide. He joined the U.S. Air Force in 1966.
Following discharge four years later, he re-
turned to Butte to work as a boilermaker in
the Berkeley Garage while attending Mon-
tana Tech where he received his degree in
metallurgical engineering in 1976. 

His passion for welding and metal fab-
rication took him to Alaska to work on the
pipeline, Tennessee and Arizona to build
nuclear power plants, and to Indonesia
where he taught welding. In 1979 he
joined the Montana Tech staff where he
developed its welding engineering pro-
gram. He retired in 2002, but continued
operating his own business, Welding Serv-
ices. During his career, he trained thou-
sands of welders and inspected welds in
hundreds of buildings.

O’Leary’s favorite pastimes were work-
ing on the ranch, floating rivers, Dutch oven
cooking, and shooting. He had logged more
than 100 floats on the Madison, Salmon,
Smith, Flathead, and Big Hole rivers.

He is survived by his wife, Diana; a son,
Kerry; daughters, Meaghan and Kelley; a
brother, Charlie; and a sister, Pat. Memo-
rials may be sent to the Paul O’Leary En-
dowed Scholarship Fund, c/o Montana
Tech Foundation, 1300 W. Park St., Butte,
MT 59701. 
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Member Milestone

Blodgett Cited as Lincoln’s ‘Employee of the Century’

The Lincoln Electric Co., Cleveland,
Ohio, has cited Omer W. Blodgett, senior
design consultant, as its Employee of the
Century on the occasion of his 90th birth-
day. Blodgett, with the company for 63
years, and still working, received the cita-
tion signed by John M. Stropki, chairman
and CEO, stating, in part: “The Lincoln
Electic Company recognizes Omer W.
Blodgett, the ‘Dean of Welding,’ for his in-
numerable contributions to the success of
the Company and the arc welding indus-
try including his 60 years of teaching the
art and science of welding to thousands of
people in the U.S. and abroad.

“His texts, Design of Weldments and
Design of Welded Structures, are consid-
ered classics in the field. As the author of
hundreds of technical papers, columns,
and feature articles on design for welding,

Mr. Blodgett has continually added to the
state of the art. Engineers and end-users from every part of the world have benefited
from his Blodgett Design Seminars.”

Blodgett is a Fellow of the American Society of Civil Engineers, American Society
of Mechanical Engineers, and American Welding Society. He has received the A. F.
Davis Silver Medal on four occasions for his work in structural design, and the T. R.
Higgins Lectureship Award from the American Institute of Steel Construction. Le-
Tourneau University has conferred on him the title honorary doctor of science and
named its engineering chair in his honor.

Omer W. Blodgett

Elie Klachkin
Tom Bryant

Michael Ostaffe

 Personnel Aug.:Layout 1  7/9/08  12:14 PM  Page 88



Paul Fleming
Vanderbilt University
Dr. George E. Cook

Glenn J. Gibson Fellowship

“Automatic Fault Detection and
Control in Friction Stir Welding”

Yuan Zhang
The Ohio State University

Prof. G. S. Daehn
AWS Fellowship

“Material Behavior during
Magnetic Pulse Welding”

Rituraj Nandan
The Pennsylvania State University

Prof. T. DebRoy
Miller Electric Fellowship

“Reliable Three Dimensional Model
of Heat Transfer, Species

Redistribution and Plastic Flow
during Friction Stir Welding of

Dissimilar Alloys”

Andrew Deceuster
Utah State University

Dr. Leijun Li
AWS Fellowship

“Repair of Directionally Solidified
Nickel-Based Superalloys Using
Pulsed Nd:YAG Laser Powder

Deposition”

Each year, the AmericanWelding Society Foundation provides
research fellowships and scholarship funds to help hundreds of
students who otherwise would be unable to afford a welding
education.We are the only industry foundation with the specific
mission of helping to fund the education of welding students. In
so doing, we create the careers that sustain and grow our
industry.

We get these funds from your contributions. The more you
contribute, the more students we can help educate.

To make a scholarship contribution or set up your own National
Scholarship, contact Sam Gentry at the AWS Foundation. Call
800-443-9353, x331, or email to sgentry@aws.org. Thank you
for your continued support.

The AWS Foundation
is pleased to present

the 2008-2009
Research Fellowship

Recipients

Welding for the Strength ofAmerica
The Campaign for the American Welding Society Foundation

®

Page 89:FP_TEMP  7/9/08  4:36 PM  Page 89



This fall inVegas,

hit 3AWS conferences
in 1 week

For details, see the
AWS Advance Program
mailed with this
magazine…

or visit www.aws.org/
show/conf.html to register

New Technologies in Thermal Cutting (Oct. 6)
This roundup of advancements in the world of cutting will include such processes as oxyfuel
cutting, plasma arc cutting, laser cutting, and water jet cutting. A great deal is happening in
computer control. Cuts are far more precise, more repeatable, more accurate, and much faster
than ever before. Accompanying the improvements in machines and controls are improvements in
torches, consumables and cutting heads. A presentation will weigh the relative merits of the
many fuel gases that can be put to work on oxyfuel cutting lines. This conference demonstrates
that we have entered a new era in thermal cutting.

New Nondestructive Testing Technologies (Oct. 7)
Among the technologies to be discussed are new versions of ultrasonic testing, including time-of-
flight diffraction, alternating current field measurement, phased array inspection, and guided
wave examination. Attendees will also hear about a new UT system that is being used to inspect
austenitic welds in LNG storage tanks. Other presentations will include the use of acoustic
emission to inspect the welds in bridge construction, and a talk on digital radiography, including a
system for shipbuilding that uses computed radiography techniques.

Friction Stir Welding (Oct. 8)
If you and your company are just starting out with friction stir welding (FSW), or if you are
interested in learning more about FSW, this is the seminar for you. This seminar will not be a
gathering of academics talking about theory. The aim of this seminar is to provide those
interested in considering use of FSW with pertinent information on the process so they can
evaluate its feasibility for their applications.

1.

2.

3.

October 6 – 8, 2008
Las Vegas Convention Center

www.aws.org/show
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CLASSIFIEDS

CAREER OPPORTUNITIES

The American Welding Society is currently accepting résumés from experienced auditors for 
contract work in our Accredited Test Facility (ATF) and Certified Welding Fabricator (CWF)
Programs. Applicants must possess the following minimum qualifications: 

• Certified Welding Inspector for the past five years.
• Two years of previous auditor experience.
• Auditor certification or certificate of completion for an auditor training course from a nationally or 
internationally recognized quality organization.

• Participate in/perform one or two monitored AWS Accredited Test Facilities and/or Certified 
Welding Fabricator audits.

• Attendance and participation in AWS annual auditor seminar after acceptance as an AWS auditor. 
(This AWS annual seminar is not counted as the nationally recognized auditor training for 
qualification.)

If you are interested in this exciting opportunity, please send your résumé to Frank Lopez Del Rincon
at the American Welding Society.

Phone: (800) 443-9353, ext. 211
Fax: (305) 443-6445
E–mail: flopez@aws.org

BECOME AN AUDITOR
FOR THE AMERICAN WELDING SOCIETY

500 N.W. LeJeune Road
Miami, FL 33126

AWS JobFind

www.aws.org/jobfind
Job categories for welders, engineers, inspectors, and more than 17

other materials joining industry classifications!

@
Post Jobs. 

Find Jobs.

Manufacturer’s 
Representative

MASTER WELD PRODUCTS is a U.S.
manufacturer of MIG & TIG welding
torches and consumables.  We are
seeking Manufacturer’s Reps to sup-
port defined territories nationwide from
4 strategically located warehouse or 
manufacturing facilities. Contact Jason
Reigner via e-mail: 
Jason@masterweld.net or at 
(610) 972-7500.

Structural
Flux Core Welder

Must pass drug, background, and
welding test. 

Premium Pay in Alabama and Florida

Phone: (251) 665-3830
Or e-mail to:
ggallardo@blkhawkgroup.com>

Welding Manager - 60-90K
Slidell, LA

A cutting-edge specialty welding company
that holds numerous patented welding tech-
nologies is looking for a talented individual
to join its growing welding solutions organ-
ization.
For production projects: Direct /assist in
development and implementation of manu-
facturing process plans; Review control
plans, process logs, inspection sheets, pro-
duction metrics; manage inventory; review
customer drawings. 
Requirements: Related Degree. 5+ years
GMAW / Materials Joining; Project man-
agement, product planning, and product
management; Excel, Word, AutoCAD; 25-
50% travel.

CONTACT:  ￼
(512) 301-5559 FAX
dcs@csi-search.com

Process Engineer

STOODY Co. (located in Bowling
Green, KY) is the world's leader in the
production of welding wires and elec-
trodes used to combat various types
of wear and corrosion. Our extensive
family of products includes iron, nickel,
cobalt, tungsten and vanadium based
alloys. We’re looking for someone with
a B.S. in Engineering or equivalent and
a minimum 3 years experience in wire
drawing and/or wire forming opera-
tions who is proficient in algebra and
geometry, basic knowledge of chem-
istry and metallurgy,  with some Auto-
cad experience.  We offer results ori-
ented remuneration. Submit resumes
to recruiter6@thermadyne.com with
“process engineer” as the subject. 
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Welding Positioners & Turning Rolls
New and Used

Large selection in stock for
immediate delivery.

www.allfabcorp.com

Call, Fax or Email for a free catalog.

Email: sales@allfabcorp.com
Web: www.allfabcorp.com
Phone: 269-673-6572
Fax:     269-673-1644

3 Major Problems with 
Thermal Stress Relief
And How Meta-Lax® Technology 

Overcomes Them All

“Overcoming Thermal
Stress Relief Problems”

FREE Report

800-Metal-29

3 Majajajor Prororobl memms w3 Major Problems wwiw twitttthwithj
Thermrrmal StStStretreesressss ReRelRelThermal Stress Reliefeefef

EQUIPMENT FOR SALE OR RENT

MITROWSKI RENTS
Made in U.S.A.

Welding Positioners
3000 lb. - 50,000 lb.

Used Equipment for Sale

www.mitrowskiwelding.com
sales@mitrowskiwelding.com

800-218-9620
713-943-8032

Boiler Tube
Alignment Tools

Walhonde Wallbanger™
• DB model

• HD model

Walhonde Wallstick™
NEW
•

More alignment tools available at 
our website: www.walhonde.com
Walhonde Tools, Inc.

AUGUST 200892

CAREER OPPORTUNITIES
cont’d

Place Your 
Classified Ad

Here!
Contact Frank Wilson,
Advertising Production

Manager

(800) 443-9353,
ext. 465

fwilson@aws.org

NDT Inspector

Certified Inspection Services, Inc.,
a growing field inspection service
company, needs a Level II, UT, MT
& PT inspector. Must be an expe-
rienced UT weld inspector using
AWS D1.1 inspection procedures.
We work in steel fabrication shops,
machine shops and shipyards, we
also perform on-site inspections
on bridges, buildings, cranes, etc.
We have a health savings account
insurance plan for medical and
dental, and a generous SEP/IRA
retirement plan.

E-mail resume to:
ndtinspect1@mac.com
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CERTIFICATION & TRAINING

CWI Refresher...a fresh approach!
Review and learn the most controversial, often-
misinterpreted issues facing welding inspectors.

Master quality tools to implement true quality
solutions for your clients or your company.

Learn more: Call for the 40 hour syllabus,
comparable to the AWS body of knowledge.

Suitable as continuing education for CWIs
or for any welding inspection personnel

Convenient classes in Chicago:
312-642-8362  |  info@atema.com 

www.atema.com/cwi.htm

visit booth #7148 AWS Show-Chicago

CWI PREPARATORY
Guarantee - Pass or Repeat FREE!

2 WEEK COURSE (10 DAYS)
MORE HANDS–ON/PRACTICAL APPLICATIONS

Pascagoula, MS  Aug. 13–22  Oct. 15–24
Houston, TX  Sep. 3–12  Sep. 24–Oct. 3

Baton Rouge, LA  Oct. 29–Nov. 7

SAT–FRI COURSE (7 DAYS)
EXTRA INSTRUCTION TO GET A HEAD START

Pascagoula, MS  Aug. 16–22  Oct. 18–24
Houston, TX  Sep. 6–12  Sep. 27–Oct. 3

Baton Rouge, LA  Nov. 1–7

MON–FRI COURSE (5 DAYS)
GET READY–FAST PACED COURSE!

Pascagoula, MS  Aug. 18–22  Oct. 20–24
Houston, TX  Sep. 8–12  Sep. 29–Oct. 3

Baton Rouge, LA  Nov. 3–7

Test follows on Saturday at same facility

FOR DETAILS CALL OR E-MAIL:

(800) 489-2890

info@realeducational.com

Also offering API 510 and
API 570 courses!

EQUIPMENT FOR SALE OR RENT

93WELDING JOURNAL

Turning Rolls
Positioners

& Manipulators
New and Used 

Joe Fuller LLC
@ www.joefuller.com

or email joe@joefuller.com 
Phone:  979-277-8343

Fax:  281-290-6184

SERVICES

Place Your 
Classified Ad

Here!

Contact Frank Wilson,
Advertising Production

Manager

(800) 443-9353,
ext. 465

fwilson@aws.org
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INDEX
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ArcMeltCompany, LLC  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .19
www.arcmelt.com  . . . . . . . . . . . . . . . . . . . . . . . . .314-801-6900

ArcOne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .65
www.arc1weldsafe.com . . . . . . . . . . . . . . . . . . . . .800-223-4685

Arcos Industries, LLC . . . . . . . . . . . . . . . . . . . . . . . . . . . . .IBC
www.arcos.us . . . . . . . . . . . . . . . . . . . . . . . . . . . . .800-233-8460

Astro Arc Polysoude  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .11
www.astroarc.com . . . . . . . . . . . . . . . . . . . . . . . . .661-702-0141

AWS Certification Services  . . . . . . . . . . . . . . . . . . . .20, 64, 85
www.aws.org  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .800-443-9353

AWS Education Services  . . . . . . . . . . . . . . . . . . . . . . . . . . . .90  
www.aws.org  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .800-443-9353

AWS Foundation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .60, 89
www.aws.org  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .800-443-9353

AWS Membership Services  . . . . . . . . . . . . . . . . . . . . . . .24, 29
www.aws.org  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .800-443-9353

AWS WEMCO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .87
www.aws.org  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .800-443-9353

CM Industries, Inc.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5
www.cmindustries.com . . . . . . . . . . . . . . . . . . . . .847-550-0033

Commercial Diving Academy  . . . . . . . . . . . . . . . . . . . . . . . .19
www.commercialdivingacademy.com  . . . . . . . . .888-974-2232

Cor-Met  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15
www.cor-met.com  . . . . . . . . . . . . . . . . . . . . . . . . .810-227-3251

Diamond Ground Products, Inc. . . . . . . . . . . . . . . . . . . . . . .47
www.diamondground.com  . . . . . . . . . . . . . . . . . .805-498-3837

Divers Academy International  . . . . . . . . . . . . . . . . . . . . . . .11
www.diversacademy.com  . . . . . . . . . . . . . . . . . . .800-238-3483

ESAB Welding & Cutting Products . . . . . . . . . . . . . . .7, 21, 43 
www.esabna.com . . . . . . . . . . . . . . . . . . . . . . . . . .800-372-2123
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ABSTRACT.  Air brazing is a new method
of joining in which a predominantly metal-
lic joint is formed directly in air without
need of an inert cover gas or the use of a
surface reactive flux. Prior work has shown
that the resulting bond displays excellent
strength, is inherently resistant to oxida-
tion during high-temperature application
(T ~750°C), and offers long-term her-
meticity at high temperatures when em-
ployed as a gas- or liquid-tight sealant. Be-
cause of these properties, air brazing is
being considered for use in fabricating a
variety of high-temperature devices, in-
cluding planar solid oxide fuel cells
(pSOFCs), oxygen and hydrogen gas sep-
arators, and boiling water pH sensors.
However, many of these devices require a
two-step sealing process. For example, in
pSOFCs, the ceramic electrolyte mem-
brane is first sealed to a metallic
frame/separator plate to form a cell or re-
peat unit. These are then joined together
in a second sealing step to build the final
pSOFC stack. In order to preserve the in-
tegrity of the membrane-to-frame seals
formed during cell fabrication, it is impor-
tant that the corresponding sealing mate-
rial does not melt or soften during stack
sealing. The goal of the study presented
here was to investigate the addition of pal-
ladium as a melt point elevator for a series
of silver-copper oxide air braze filler met-
als and thereby produce a composition
that could conceivably be used in the first
part of a two-step air brazing process, with
a lower melt point binary air braze com-
position employed in the second. 

Introduction

One of the key issues in designing and
fabricating high-temperature, pO2 gradi-
ent-based electrochemical devices such as
planar solid oxide fuel cells (pSOFC)
stacks and oxygen concentrators is to en-
sure hermetic sealing between adjacent
metal and ceramic components. Depend-
ing on the specific application, the seal
may be exposed to an oxidizing and/or re-
ducing atmosphere at an operating tem-
perature of 650° to 800°C and experience
numerous thermal cycles, but must still re-
tain its hermeticity, mechanical rugged-
ness, and chemical stability over the life-
time of the device, which is typically
greater than 25,000 hours. At present
there are several accepted methods of
sealing the stack components (Refs. 1–4).
However, none of these fully meets the de-
sign requirements of stack builders. We
have recently developed a new method of
joining referred to as air brazing that, like
glass sealing, can be conducted directly in
air and forms a hermetic seal that is resis-
tant to oxidation (Ref. 5). 

Air brazing employs a filler metal that
consists of a molten oxide dissolved in a
liquid noble metal solvent,  which serves to

prewet the ceramic substrate faying sur-
faces during melting and thereby enhance
adhesion and joint strength. There are a
number of metal oxide-noble metal sys-
tems that can viably be considered, in-
cluding Ag-CuO, Ag-V2O5, and Pt-Nb2O5
(Ref. 6).  In particular, the Ag-CuO sys-
tem has shown promise in high-tempera-
ture electrochemical applications and has
been investigated for potential use in seal-
ing oxygen and hydrogen gas separation
membranes (Refs. 7, 8), as well as pSOFCs
(Ref. 9).  However, one of the complica-
tions in fabricating a multicomponent de-
vice such as a pSOFC stack is that a se-
quential series of joining/sealing steps is
often required; i.e., the initial seal will be
reexposed to a temperature that will
soften it. 

An example of this is the pSOFC win-
dow frame concept shown in Fig. 1A, B. In
this design, the metallic window frame,
metal separator plate, and ceramic cell
form a unit or cassette that is repeated
throughout the SOFC stack. The frame af-
fords an easy and reliable means of gas
manifolding within the stack and its geom-
etry establishes a uniform gap for air flow
across the cathode. Typically two seals are
employed, one between the cell and win-
dow frame/separator plate assembly to
form the cassette and a second seal be-
tween each cassette within the stack. The
initial window frame seal should have a
sufficiently high solidus temperature (or
softening point in the case of glass) that it
will not remelt or lose integrity at the tem-
perature employed in the subsequent
stack sealing step. Prior experience has
shown that by selecting the proper Ag-
CuO filler metal composition (Ref. 5) air
braze sealing can be reliably performed at
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temperatures as low as 970°C (Ref. 5). The
successful introduction of a melting point
elevator, such as palladium, that could
raise the solidus temperature ~50°–100°C
above that of the Ag-CuO binary would
establish a second, higher temperature
filler metal and thereby allow air brazing
to be conceivably employed in both seal-
ing operations. Of course, this assumes
that ternary alloying will have little effect
on filler metal wetting or on the strength
of the resulting joint. Thus the present
study was undertaken to examine these ef-
fects and determine whether a high-tem-
perature, Pd-modified air braze filler
metal could be sucessfully developed for
eventual use in a two-step air brazing
process.

Experimental

The filler metal compositions investi-
gated in this study were formulated by
adding varying amounts of copper powder
to a 15 mol-% Pd:85 mol-% Ag metal 
powder mixture. The copper oxidizes to
CuO during the air brazing process (Ref.
10). Thus, the compositions of the result-
ing filler metals can be generically 
described by the following formula:
(Ag0.85Pd0.15)1–x(CuO)x. Fine powders of
silver (99.9%, 0.5–1.0 μm average particle
size; Alpha Aesar), copper (99%, 1.0–1.5
μm average particle size; Alpha Aesar)
and palladium (99.9+% pure, submicron;
Aldrich) were weighed out in the appro-
priate ratios, ball-milled in ethanol for 24
h and air dried. Differential scanning
calorimetry (DSC) was performed on 2-
mm-diameter pellets (pressed from ap-
proximately 5–10 mg of each powder mix-

ture) using a Netzsch calorimeter (Model
STA 449C Jupiter) equipped with a high-
temperature furnace. The experiments
were performed at a heating rate of
10°C/min under dry flowing air (10
mL/min).

A sessile drop study was conducted to
examine the effect of composition on filler
metal wettability. The pellets used in these
experiments were uniaxially pressed from
approximately 0.84 g of each braze pow-
der mixture in a 7-mm-diameter die to
form pellets approximately 7mm in height.
Each pellet was placed in the center of a
32-mm-diameter yttria-stabilized zirconia
plate (polycrystalline YSZ containing 8
mol-% Y2O3; CoorsTek) that had been
polished to a –3-μm finish. As shown in
Fig. 2, the melting and wetting behavior of
the braze pellets were recorded in-situ via
high-speed video through a quartz viewing
port built into the air box furnace in which
they were heated. The samples were
heated at 50°C/min to 900°C, at which
point the heating rate was reduced to
10°C/min, then heated to three 10-min
isothermal holds: 1150°, 1200°, and
1250°C. Frames from the final seconds of
each 10-min dwell were captured from the
video camera and converted to computer
images using VideoStudio6™ (Ulead Sys-
tems, Inc.) video editing software. The im-
ages were then imported into the Can-
vas™ graphics software package (version
9.0.1, build 689; Deneba Systems, Inc.) to
carry out measurements of contact angle
between the filler metal droplet and YSZ
substrate.

Joint strength measurements were
conducted by four-point bend strength
testing. The test specimens were prepared

from ~5.5-mm-thick rectangular YSZ
plates that were fabricated via the follow-
ing steps: 1) formation of YSZ compacts
by uniaxially pressing 33 g of YSZ powder
(99.99%; Alfa Aesar) in a 32 × 64-mm die
at 25 MPa, 2) isostatic densification of the
compacts at 135 MPa, and 3) sintering of
the compacts at 1450°C for 1 h to form
99+% dense plates. After sintering, one of
the long, thin edges of each plate was pol-
ished to a –3-μm finish to yield a flat fay-
ing surface. Braze paste consisting of 70
wt-% filler metal powder mixed with a
polymer binder (B75717, Ferro Corp.)
was screen printed on this surface. Two
plates were then mated along these
printed edges and fixtured using a set of
steel clips. Fifty-μm-thick Ferralloy shims
were placed at either end of the joint to
maintain a uniform gap thickness and
thereby ensure consistent four-point bend
test results. The final assembly was brazed
in air at 1150°C for 30 min. 

Once joined, the resulting 64 x 64-mm
plates were ground to a thickness of 4 mm
and cut into bend specimens measuring 3
mm wide such that the brazed joint was
centrally located in each. The bottom of
each bar was chamfered to eliminate cut-
ting flaws along the edges to be exposed to
tensile stresses during testing. The inner
and outer spans used in four-point bend
testing measured 20 and 40 mm, respec-
tively. A Bionix 400™ (MTS Systems
Corp.) test stand applied the flexural load
to each sample at a machine head rate of
0.5 mm/min and the loads up to and at the
point of failure were recorded using the
TestWorks™ v3.10 (MTS Systems Corp.)
materials testing software package sup-
plied with the instrument. To obtain sta-

Fig. 1 — Schematics. A — The cell-to-frame pSOFC cassette design (exploded view); B — the pSOFC stack. 
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tistically significant data, a minimum of six
specimens were tested for each filler metal
composition, each machined from the
same brazed plate assembly. An equiva-
lent set of specimens was fabricated,
mounted, cross-sectioned, and polished to
a finish of –3 μm to conduct microstruc-
tural examination of the joints. Analysis
was carried out using a scanning electron
microscope (JEOL JSM-5900LV)
equipped with an Oxford energy-disper-
sive X-ray analysis (EDX) system that em-
ploys a windowless detector for quantita-
tive detection of both light and heavy
elements.

Results and Discussion

DSC Measurements

Because of the high cost of palladium,
an initial series of DSC measurements was
conducted to identify the minimum con-
centration that would yield a solidus tem-
perature sufficiently higher than the liq-
uidus temperature of the standard binary
filler metal, Ag-4CuO (Tliq ~ 970°C).
Listed in Table 1 are the results from con-
firmatory DSC runs conducted on a series
of Pd-Ag binary compositions. The find-
ings agree reasonably well with those from
a prior study by Karayaka and Thompson
(Ref. 11).  Based on these results, it was de-
cided that the experimentally measured
solidus temperature of 1019°C for 10 mol-
% Pd in Ag might not be high enough to
ensure its integrity during a subsequent
braze firing typically at a suitable super-
heated temperature using the lower melt-
ing Ag-4CuO filler metal, particularly
when the effects of the ternary CuO addi-
tion on the melting are taken into account.
On the other hand, the 90°C temperature
buffer offered by the 15 mol-% Pd in Ag
composition was judged to be an accept-

able balance between material cost and
braze temperature differential. Thus this
system (15PdAg) was selected for further
analysis as the base alloy to which varying
amounts of CuO were added to enhance
wettability.

Plotted in Fig. 3 and recorded in Table
2 are the onset and completion tempera-
tures for melting (or approximate solidus
and liquidus boundaries, respectively) for
the (15PdAg)-CuO series of filler metal
alloys, as determined by DSC. Included
for reference are the liquidus and solidus
temperatures for the binary filler metals.
It was found that filler metals containing
CuO concentrations greater than 8 mol-
% reacted with the thin alumina DSC cru-
cibles. Therefore, the data taken on these
alloys are not included in the figure. Note
that both the liquidus and solidus tem-
peratures of (15PdAg)-CuO decrease
monotonically with CuO addition. A sim-

ilar phenomenon was reported for the
(25PdAg)-CuO and (50PdAg)-CuO sys-
tems (Ref. 12).  As shown in Fig. 4, a com-
parison of the solidus line for the
(15PdAg)-CuO system (where incipient
melting begins) and the liquidus line for
the Ag-CuO binary system (where melt-
ing is complete) indicates that the low
CuO compositions offer the largest tem-
perature differential around which a
practical two-step brazing process can be
developed.

Sessile Drop Experiments

During the in-situ sessile drop experi-
ments it was found that once fully molten,
all of the test specimens (i.e., all filler
metal compositions) reached their equi-
librium shapes almost immediately upon
reaching the given soak temperatures;
never taking more than 60 s to equilibrate.

Table 2 — Effect of CuO-Content on the Melting Temperatures of 15Pd-85Ag Alloys

CuO- Melting of
Content Minority Phase Melting of Major Phases
(mol %) Onset (°C) Onset (°C) Completion (°C)

0 n/a 1060 1103
1 983 1036 1089
2 983 1036 1084
4 983 1031 1074
8 983 1039 1076
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Fig. 2 — The experimental setup employed in the sessile drop wetting studies. A — A schematic; B — a view of the lab equipment.

Table 1 — Experimental Melting Temperatures as Measured by DSC and Compared to 
Literature Values

DSC Melting Temperatures Karayaka and Thompson
Composition Solidus (°C) Liquidus (°C) Sodidus (°C) Liquidus (°C)
10 mol % Pd in Ag 1019 1052 1030 1060
15 mol % Pd in Ag 1060 1103 1065 1100

A B
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The results of the sessile drop experiments
are plotted as a function of CuO content
in Fig. 5. The contact angles of the
(15PdAg)-CuO alloys decrease with in-
creasing copper oxide concentration, an
indication of improved wettability on
YSZ. By strict definition, the composition
containing 1 mol-% CuO is nonwetting;
i.e., it exhibits a contact angle that is ob-
tuse (i.e., >90°). True wetting is first ob-
served in samples with 2 mol-% CuO and
wetting rapidly improves with CuO addi-
tion up to a concentration of ~4 mol-%,
beyond which contact angle continues to
decrease by a more gradual amount. In
general for these filler metal composi-
tions, contact angle was found to be in-
variant with temperature. 

Macroscopic cross-sectional images of
the sessile drop samples, of the type shown

in Fig. 6, reveal a
distinct darkened
region that extends
from the bottom of
the sessile drop into
the YSZ substrate

for alloys containing at least 16 mol-%
CuO. It was at these higher CuO concen-
trations (>8 mol-% CuO) that the alumina
crucibles used in the DSC measurements
also displayed signs of an apparent sub-
strate reaction. Prior work with Al2O3 sub-
strates, including XRD evaluation and mi-
croanalysis, indicated that CuAlO2 forms
as the dominant reaction product (Ref. 8).
Close inspection of the 4 and 8 mol-%
CuO specimens also reveals a thin, faint re-
gion of discoloration present in the adja-
cent YSZ. Although we initially suspected
reaction between the YSZ and CuO, EDX
analysis of these specimens surprisingly
shows no detectable levels of copper or
other diffused species that can account for
the color change in the YSZ. However, as
will be discussed, some roughening of the

original polished YSZ faying surfaces is
apparent from microstructural analysis,
suggesting a small amount of YSZ  erosion
dissolution in the filler metal.

Four-Point Bend Tests

Plotted in Fig. 7 as a function of CuO
content is the average flexural strength of
a series of (15PdAg)-CuO joined bend bar
specimens. In general, specimens joined
using the Pd-containing ternary filler met-
als are weaker than their analogous binary
counterparts. However, the trend in joint
strength with filler metal composition is
strikingly similar. In both families of filler
metals, compositions containing between
4 and 8 mol-% CuO exhibit measurably
stronger YSZ joints than did other com-
positions. As has been previously re-
ported, this is due to a balance between
wettability and adhesion, which improves
with increasing CuO content and con-
tributes to joint strength, and interfacial
segregation of CuO, which also increases

Fig. 3 — Endothermic peaks measured in various (15PdAg)-CuO filler metal
compositions. The DSC traces were recorded as the samples were heated in air
at a rate of 10°C/min.

Fig. 4 — Plots of the liquidus temperatures for the Ag-CuO series of filler met-
als and the solidus temperatures for the (15PdAg)-CuO series of filler metals
as a function of CuOx content.

Fig. 5 — Contact angle between YSZ and (15PdAg)-CuO plotted as a function
of copper oxide concentration at three different temperatures.

Fig. 6 — Examples of darkening in the YSZ substrates in various sectioned ses-
sile drop specimens. A — 15PdAg; B —  (15PdAg)-1CuO; C — (15PdAg)-
2CuO; D — (15PdAg)-4CuO; E — (15PdAg)-8CuO; F — (15PdAg)-16CuO;
G — (15PdAg)-34CuO; H — (15PdAg)-69CuO. All samples were heated to a
final soak temperature of 1250°C.

A

B

C

D

E

F

G

H

Hardy  8  08layout:Layout 1  7/9/08  10:44 AM  Page 198



WELDING RESEARCH

-s199WELDING JOURNAL

with increasing copper oxide concentra-
tion but leads to reduced joint strength
due to higher residual stresses at the sub-
strate/filler metal interface (Ref. 5).

Microstructural Analysis

The SEM images collected in this study
are divided into two groups. Shown in Fig.
8 are cross-sectional micrographs of bend
bar specimens that were brazed using
(15PdAg)-CuO filler metals containing
(A) 0, (B) 2, and (C) 8 mol-% CuO. These
are the filler metals that did not exhibit
signs of reaction with the adjacent ceramic
substrates during DSC analysis or brazing.
Shown in Fig. 9 are cross-sectional micro-
graphs of samples joined using palladium-
silver filler metals modified with (A) 16,
(B) 34, and (C) 69 mol-% CuO. These
specimens are those in which the YSZ had
noticeably darkened, presumably due to a
reaction between the ceramic and adja-
cent filler metal; although as will be dis-
cussed, no obvious direct evidence of such
a reaction could be found.

The micrograph shown in Fig. 8A is of
a joint prepared using a 15PdAg filler
metal containing no copper oxide. Al-
though the joint appears to be well-
formed in this particular image, a number
of large-scale voids (some measuring hun-
dreds of microns in size) were found to be
present, ostensibly due to the lack of wet-
ting between this filler metal and the YSZ
(as indicated in Fig. 5). This phenomenon
raises concerns about the ability to form a
hermetic seal using this material and un-
doubtedly was the key contributing factor
in producing the weakest set of joints in
the study. EDX analysis revealed no evi-
dence of reaction between the Ag-Pd alloy
and the YSZ.

Figure 8B is repre-
sentative of the type of
microstructure ob-
served in bend bar spec-
imens joined using the
(15PdAg)-2CuO filler
metal. At this concen-
tration of CuO, the in-
terfacial energy be-
tween the molten filler
metal and the YSZ is
low enough that suffi-
cient wetting takes
place; i.e., the large-
scale voids found in the
binary 15PdAg speci-
mens are largely elimi-
nated.  However, with a
wetting angle of ~70
deg, wettability is still
poor enough that a se-
ries of small voids (mea-
suring on the order of
3–5 μm in size) form
along the YSZ/filler
metal interface. It is sus-
pected that these flaws
can serve as sources of
stress intensification
during tensile loading
(i.e., bend testing) and
ultimately lead to the initiation of cracks,
which may explain the relatively low aver-
age flexural strength measured in speci-
mens joined using this filler metal compo-
sition. Also apparent in this micrograph
are CuO precipitates both along the
YSZ/filler metal interfaces as well as
within the bulk of the joint. EDX analysis
of the YSZ to a depth of approximately 3
μm in-board of these interfaces indicates
no obvious signs of reaction between the
ceramic substrate and the filler metal.

The specimen shown in Fig. 8C was
brazed using a 15PdAg filler metal alloy
containing 8 mol-% CuO. Note the nearly
continuous layer of CuO present along the
two interfaces with YSZ. According to crit-
ical point wetting theory (Ref. 13),  when a
system consisting of two immiscible liquids
is placed in contact with a solid surface, the
liquid exhibiting the lower interfacial en-
ergy with that surface will tend to encap-
sulate the second liquid and thereby pre-
clude it from contacting the surface. A
similar phenomenon has been observed

Fig. 7 — Flexural strength of YSZ bars joined using (15PdAg)-CuO as a
function of CuO concentration.

Fig. 8 — Cross-sectional SEM micrographs (backscattered images) of
YSZ-YSZ joining specimens brazed using 15PdAg filler metals contain-
ing: A —  0 mol-% CuO; B —  2 mol-% CuO; C — 8 mol-% CuO. Braz-
ing was conducted in air at 1150°C for 30 min.

A

C

B
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with the Ag-CuO filler metals (Ref. 5). Al-
though phase equilibria in the Pd-Ag-CuO
system has not yet been completely de-
fined, an extensive liquid miscibility gap
does exist in the analogous Ag-CuO sys-
tem (Refs. 14, 15). Prior work on silver-
copper oxide filler metals containing low
concentrations of palladium (5 mol-% or
less) suggest that the original Ag-CuO mis-
cibility gap is retained, even as palladium is
added to the system (Ref. 10). That is, the
microstructure seen in Fig. 8C is indicative
of liquid-liquid phase separation occurring
in the molten (15PdAg)-CuO alloy during
brazing, followed by preferential segrega-
tion of that liquid, which is CuO-rich, to
the YSZ faying surfaces. Note in Fig. 5 that
between 4 and 8 mol-% CuO addition, the
wetting curve for the (15PdAg)-CuO series
of filler metal begins to flatten. In con-
junction with the microstructural evidence
in Fig. 8 B and C and the flexural strength
data in Fig. 7, there appears to be a critical
concentration of CuO within this range

that both promotes effi-
cient surface wetting
and mitigates the
buildup of interfacial
CuO, thereby optimiz-
ing joint strength. Once
again, EDX analysis of
the YSZ adjacent to the
joint interfaces showed
no evidence of reaction
or filler metal diffusion
into the underlying sub-
strate.
Optical inspection of

the joint formed using
Pd-modified filler metal
containing 16 mol-%
CuO revealed the dark-
ening of the YSZ sub-
strate evident in Fig. 6.
However, under SEM

investigation, EDX analysis of the YSZ in
the cross-sectioned brazed joint shown in
Fig. 9A again displayed no evidence of el-
ements other than the constituents in the
ceramic substrate. This suggests that the
impurity, presumably copper oxide, that
diffuses into the YSZ must be in a con-
centration low enough to be undetected by
EDX (i.e., within the limits of the instru-
ment) yet sufficient to alter the electronic
band structure of the YSZ and cause it to
absorb visible light rather than reflect it.
Like the (15PdAg)-8CuO sample, this
specimen also exhibits a joint microstruc-
ture that shows signs of liquid-liquid phase
separation, only with a greater amount of
CuO-rich liquid present that inevitably
leads to a thicker interfacial CuO layer.

The joint microstructures seen in Fig.
9B and C are those formed when
(15PdAg)-34CuO and (15PdAg)-69CuO
are respectively employed as filler metals.
In both cases, a significant amount of
CuO (dark contrast) and Cu2O (medium

contrast) are observed as segregated
phases in the bulk of the joint, along with
regions that are metal-rich (light con-
trast). These are the only joining speci-
mens in which the Cu2O phase is ob-
served. Note that in both specimens, there
is obvious roughening along the filler
metal/YSZ interface, which suggests
some dissolution of the YSZ substrate.
The morphology of the resulting YSZ in-
terface, rounded bumps, is consistent with
dissolution occurring more rapidly along
grain boundaries (i.e., higher energy in-
terfaces). Unfortunately, EDX measure-
ments did not indicate measurable levels
of zirconium in the adjacent filler metal
(notably the CuO phase), which would
support the above explanation. Addi-
tional work is needed to understand the
interactions between the Ag-CuO filler
metals and YSZ, particularly at high CuO
concentrations and high temperatures. 

It is also noted that there are voids pre-
sent along many of the interfaces separat-
ing the two oxide phases, which likely
formed due to differential volumetric con-
traction between the two brittle materials
upon cooling. Even with the presence of
these voids, the strengths of the resulting
joints are relatively high. This is likely due
to the “roughened” interfaces and greater
surface areas observed in these specimens.
The coexistence of Cu2O and CuO in
these specimens is not surprising given
that brazing was conducted at 1150°C.
CuO generally undergoes reduction to
Cu2O at temperatures above ~1045°C
and/or under subambient partial pres-
sures of oxygen. What is surprising is that
the copper oxide phases observed in the
other joints also brazed at 1150°C all ap-
pear to be uniformly composed of CuO,
based on EDX analyses. Additional phase
equilibrium analysis is needed to explain
why this occurs.

Fig. 9 — Cross-sectional SEM micrographs (backscattered images) of
YSZ-YSZ joining specimens brazed using 15PdAg filler metals contain-
ing: A —  16 mol-% CuO; B —  34 mol-% CuO; C —  69 mol-% CuO.
Brazing was conducted in air at 1150°C for 30 min.
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Conclusions

If the onset of melting were the only
factor to be considered in developing a
complementary filler metal for a two-step
air brazing process,  an alloy consisting of
15 mol-% Pd and 85 mol-% Ag, which
melts at 1060°C, would provide a reason-
able trade-off between cost and braze
temperature differential. However, this
material yields ceramic-ceramic joints
that display poor strength with interfacial
microstructures and are suspected to be
nonhermetic. It was found that the addi-
tion of a small amount of CuO is instru-
mental in improving the wetting charac-
teristics of the 15PdAg alloy relative to
YSZ and thereby forming joints with ac-
ceptable strength. Specifically it was
shown that:

1) The addition of 4–8 mol-% CuO to
15Pd-Ag will lead to optimal flexural
strengths, on the order of 90 MPa. This ap-
pears to be the CuO concentration range
that best promotes the formation of a con-
tinuous, thin, and adherent CuO interfa-
cial layer with optimal joint strength.

2) Brazing with these filler metal com-
positions can effectively be conducted at
temperatures slightly above 1075°C.

3) These compositions only begin to
remelt at temperatures above ~1030°C;
i.e., they are compatible with the standard
Ag4CuO air braze filler metal. 

4) For higher CuO filler metal concen-

trations, a more complex braze reaction
occurs with evidence of greater YSZ dis-
solution and the presence of both CuO
and Cu2O as segregated phases that dom-
inate the brazed microstructure. 
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ABSTRACT. Friction stir spot welding
(FSSW) is considered to be  solid-state
welding, but recent studies have shown that
liquation (i.e., liquid formation) can occur
in FSSW of some Al and Mg alloys such as
2024 Al, 7075 Al, and AZ91 Mg. Instead of
these more complicated multicomponent
alloys, a simple binary alloy with an easy-to-
understand microstructure, that is, 2219 Al
(~Al-6.5Cu), was used to study liquation in
FSSW and its effect on the resultant weld.
The first part of the study focused on as-
sessing the liquation tendency of 2219 Al.
An augmented-torque test was used, and
the extent of liquation in 2219 Al was com-
pared with those in 6061 Al and AZ91E
Mg. The liquation tendency increased in
the order of 6061 Al, 2219 Al, and AZ91E
Mg. The torque measured during FSSW
showed that the heat input decreased in the
same order. The liquation tendency was ex-
plained by using a method based on both
the phase diagram and the curves of tem-
perature vs. fraction solid during solidifica-
tion, which indicated that the amount of li-
quation-inducing constituent increased
and the liquation temperature decreased in
the same order. The second part focused
on examining liquation in 2219 Al. The
amount of material stuck to and removed
by the tool increased with increasing tool
rotation speed. The evidence of liquid-film
formation observed included 1) a thin eu-
tectic film at the interface between the weld
and the residue of the material removed, 2)
thin eutectic films in the stir zone, 3) a mir-
ror-like weld surface or fracture surface,
and 4) a high concentration of eutectic par-
ticles in the stir zone at a location corre-
sponding to the fracture surface. In addi-
tion to material removal by the tool,
liquation during FSSW caused erosion or
fracture at the weld surface and cracking in
the stir zone.

Introduction

Friction stir welding (FSW) was in-
vented by The Welding Institute (Ref. 1).
A rotating cylindrical tool with a pin at its
bottom is first plunged into a rigidly held
workpiece and then traversed along the
joint to achieve welding by plastic flow of
frictionally heated material from ahead of
the pin to behind it. High plasticity of the
material in FSW has been attributed to the
very fine grains produced by dynamic re-
crystallization caused by the intense plas-
tic deformation associated with the move-
ment of material around the pin and
friction heating (Refs. 2, 3). Friction stir
spot welding (FSSW) is similar, but with-
out traversing the tool. As shown in Fig. 1,
the rotating tool is first plunged into the
workpiece, allowed to stir up the adjacent
material at the joint surface, and then
withdrawn from the workpiece. Spot weld-
ing is achieved by plastic flow of friction-
ally heated material around the pin. A
keyhole is left in the workpiece after the
tool is withdrawn.

In FSW, the tool travels along the joint
and the heat input is distributed along the
joint. Liquation, that is, formation of liquid,
rarely occurs in FSW. Cao and Kou (Ref. 4)
found no liquation in FSW of 2219 Al.
However, in FSSW the tool remains at one
spot, where the heat input dwells. Thus, li-
quation is much more likely to occur.

Temperature measurements have been
conducted in FSSW by Gerlich, Ya-
mamoto, North, and coworkers (Refs.
5–9) with thermocouples embedded in a

stationary alloy-steel tool to measure tem-
peratures in a rotating workpiece at the
surfaces of the tool shoulder and pin. Tem-
peratures approaching or exceeding the li-
quation temperature have been measured
during the FSSW of some Al and Mg al-
loys, and microstructural evidence of li-
quation has been observed (Refs. 5–9).
Gerlich (Ref. 9) determined the strain
rate of the material adjacent to the rotat-
ing tool based on electron backscattered
diffraction (EBSD). In both 2024 Al and
7075 Al, the stain rate dropped sharply
above a high rotation speed, e.g., 1500
rev/min. This was attributed to tool slip-
page caused by liquation.

Yang et al. (Ref. 10) have investigated
liquation in FSSW of Mg alloys. They
demonstrated: 1) a liquation-susceptibil-
ity test with an augmented torque during
FSSW to amplify the difference in the ex-
tents of liquation between different alloys,
and 2) a method to explain the liquation
susceptibility based on the phase diagram
and the curve of temperature vs. fraction
solid (T-fS) during solidification.

Kou and coworkers (Refs. 11–17) have
shown liquation-induced cracking in the
partially melted zone (PMZ) of Al arc
welds and the severe loss of ductility and
strength of the PMZ even in the absence
of cracking. Various liquation mechanisms
in Al arc welds have been discussed by
Kou (Ref. 18).

The purpose of the present study is to
investigate liquation in FSSW using a sim-
ple binary alloy that has a well-
documented phase diagram and easy-to-
understand microstructure, that is, 2219
Al (~Al-6.5Cu), instead of the more com-
plicated multicomponent alloys studied so
far such as 2024 Al, 7075 Al, and AZ91
Mg. The study consists of two parts. First,
2219 Al is compared with 6061 Al and
AZ91E Mg in the tendency to liquate
using the augmented-torque test of Yang
et al. (Ref. 10), and the results are ex-
plained using the method of Yang et al.
(Ref. 10) based on the phase diagram and
the T-fS curve. Second, liquation in 2219
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Al is examined, including the evidence of
liquid-film formation and its effect on the
resultant weld.

Experimental Procedure

The workpiece was 2219-T851 Al. “T8”
stands for solution heat treating and cold
working, followed by artificial aging, and
Tx51 stands for stress relieving by stretch-
ing (Ref. 19). The actual composition of
the alloy is listed in Table 1. The workpiece
was either one single piece of 9.5-mm- (3⁄8-
in.-) thick 2219 Al or two pieces of 2219 Al
milled down from 9.5mm to about 4.6 mm
and stacked up to an overall thickness of
about 9.2 mm. All pieces were 55 by 55 mm
(21⁄8 by 21⁄8 in.) in size. The workpiece was
welded in the T851 condition.

As in the augmented-torque test of
Yang et al. (Ref. 10), the tool for all FSSW
experiments was a H13-steel tool with a
shoulder of 15 mm diameter and a
threaded pin of 5.5 mm diameter and 5.1
mm length beyond the bottom of the
shoulder. Figure 2 shows the tool. It was
originally designed by Friction Stir Link,
Inc., Menomonee Falls, Wis., for FSW of
6-mm-thick Al alloys. Two different
milling machines were used for FSSW. Ini-
tially, a Lagun FTV-1 milling machine (2.2
kW or 3 hp) was used. Later, a HAAS
TM1 CNC milling machine (5.5 kW or 7.5
hp) was adopted. The tool rotation speed
ranged from 1000 to 3000 rev/min, coun-
terclockwise when viewed from above.
The plunge rate was about 0.15 mm/s and
the dwell time 4 s. The plunge rate was
kept low to prevent the tool from stalling
during FSSW with the Lagun milling ma-
chine. After each weld was made, the tool
was plunged into a piece of Alloy 6061 to
clean off the Alloy 2219 stuck to the tool
during welding. Unlike 2219 Al, 6061 Al
did not stick to the tool after welding pos-
sibly because it is more extrudable and less
likely to liquate.

The measurement of the torque and
axial force during FSSW was similar to
that described by Yang et al. (Ref. 10). A
Kistler Type 9271A dynamometer was
mounted on the HAAS TM1 CNC milling
machine. The dynamometer was cylindri-
cal in shape, and it allowed both the mo-
ment acting about its axis and the force
parallel to its axis to be measured during
FSSW. The dynamometer allowed torque
measurements in the range of –100 to
+100 Nm with a 0.02-Ncm threshold and
–1.5 pC/Ncm sensitivity for the torque and
force measurements in the range of –5 to
+20 kN with a 0.02-N threshold and –1.8
pC/N sensitivity for the axial force. A com-
puter-based data acquisition system was
used to collect the data at 250 Hz and dis-
play in real time the curves of torque vs.
time and axial force vs. time.

The resultant 2219 Al welds were cut
along the rolling direction of the work-
piece, polished, and etched with a solution
of 0.5 vol-% HF in water for microstruc-
tural examination by optical microscopy
and scanning electron microscopy (SEM)
in the secondary electron mode at 15 kV
and a 15-mm working distance. The com-
position of the intermetallic compound or
eutectic particles in the alloy was deter-
mined by energy-dispersive spectroscopy
(EDS) to help identify them. Photos of the
cross sections of the welds were taken with
a digital camera.

Results and Discussion

Liquation Tendency in FSSW

Figure 3 shows the top surfaces of the

welds after FSSW with the HAAS TM1
CNC milling machine at 1000 rev/min.
The welds of 6061-T6 Al and as-cast
AZ91E Mg were made in a previous study
(Ref. 10). In the case of 6061 Al (Fig. 3A),
the top surface of the weld shows no evi-
dence of any erosion, fracture, or liquid
formation. There is no microstructural ev-
idence of liquation or cracking in the stir
zone as already confirmed previously
(Ref. 10). In the case of 2219 Al (Fig. 3B),
however, the top surface of the weld is
missing in the area indicated by the broken
line. As will be shown subsequently (in
Fig. 7B), there is some cracking in the stir
zone. As for AZ91E Mg (Fig. 3C), the en-
tire top surface of the weld is mirror like,
suggesting severe liquid formation. Liqua-
tion and cracking are both severe in the
stir zone as already shown previously by
the stir-zone microstructure (Ref. 10).
Thus, the liquation tendency in FSSW in-
creases in the order of 6061 Al, 2219 Al,
and AZ91E Mg.

Torque and Axial Force

Figure 4 shows the torque Mz and axial
Fz of the rotating tool measured during
FSSW of the welds mentioned in Fig. 3.
The data for 6061-T6 Al and as-cast
AZ91E Mg were obtained previously

Fig. 1 — Friction stir spot welding (FSSW). A —
Plunging; B — stirring; C — withdrawing.

Table 1 — Compositions of Workpiece Materials (wt-%)

Si Cu Mn Mg Cr Zn Ti Fe Zr Al

2219 Al 0.09 6.49 0.32 0.01 — 0.03 0.06 0.14 0.13 bal.

6061 Al 0.62 0.28 0.08 0.89 0.19 0.02 0.01 0.52 — bal.

AZ91E Mg — — 0.24 bal. — 0.65 — — — 8.60

Fig. 2 — Tool with a 15-mm-diameter shoulder for
FSSW with augmented torque.
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under an identical FSSW schedule (Ref.
10). Both the torque and the axial force
vary with time and from alloy to alloy. For
6061 Al (Fig. 4A), the torque rose quickly
initially and then more slowly as the adja-
cent workpiece material is heated up and
softened by the friction heat produced. It
increases steadily as the tool penetrates
deeper into the workpiece. As the shoul-
der approaches the workpiece surface, the
torque rose sharply to a peak of about 23
Nm. The curve of the axial force Fz vs.
time t shows two peaks, one shortly after
the beginning of welding and the other to-
ward the end. The axial force rose quickly
initially but decreased as the adjacent
workpiece material heated up and soft-
ened. This results in the first peak. The
axial force rose quickly again as the tool
shoulder approached the workpiece sur-
face. Both the torque and the axial force

fluctuated shortly before the tool shoulder
reached the workpiece surface. This was
likely caused by the material expelled by
the tool but entrapped between the rotat-
ing shoulder and the stationary workpiece
surface, which tended to switch back and
forth between rotating and stopping.

For 2219 Al (Fig. 4B), the torque curve
was similar to that of 6061 Al. However,
the peak torque was only about 19 Nm,
significantly lower than the 23-Nm peak

torque in the case of 6061 Al. Further-
more, the torque fluctuated significantly
toward the end of welding. For AZ91E Mg
(Fig. 4C), the torque curve was far below
those of 6061 Al and 2219 Al, with a peak
torque of only about 11 Nm. The torque
also fluctuated significantly toward the
end of welding.

The torque fluctuations observed in
2219 Al (Fig. 4B) and AZ91E Mg (Fig.
4C) are likely to be caused by liquation. It

Fig. 3 — Top surfaces of welds showing the fol-
lowing: A — No evidence of liquation in 6061 Al;
B — liquated layer broken off from 2219 Al in the
area indicated by the broken line; C — mirror-like
liquated surface of AZ91E Mg. 1000 rev/min ro-
tation speed. A and C from Yang et al. (Ref. 10).

Fig. 4 — Tool torque and axial force measured during FSSW. A — 6061 Al; B — 2219 Al; C —
AZ91E Mg. Area under each curve proportional to heat input generated by either rotation (MZ) or
plunge (FZ) of tool. 1000 rev/min rotation speed. A and C from Yang et al. (Ref. 10).
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is likely that when liquid forms, the torque
and hence temperature tend to decrease.
When the liquid cools and solidifies, the
torque and hence temperature tend to in-
crease, and liquid forms again to repeat
the cycle. When welding 2219 Al at higher
rotation speeds (e.g., 2000 rev/min), the
authors observed sudden appearance of
powder at the workpiece surface around
the rotating tool, and the powder seemed
somewhat wet (i.e., liquated). The vertical
cross sections of the resultant welds
showed removal of a significant amount of
stir-zone material by the tool. It appeared
that the pieces of solid broken off sud-
denly from the liquated region were
caught, dragged, and ground by the rotat-
ing tool shoulder. This action could have
also contributed to the torque fluctuation.

Heat Input during FSSW

The rotation-induced heat input QΩ(in
Joules) is as follows (Ref. 20):

where Mz is the torque (in Nm), Ω the ro-
tation speed (in rev/min), and t time (in s).
Likewise, the plunge-induced heat input
QF (in Joules) is as follows:

where Fz is the axial force (in N) and vz the
plunge rate (in m/s). Both the rotation
speed Ω and the plunge rate vz are often
held constant during FSSW. For all three
materials in the present study, Ω (= 1000
rev/min) and vz (= 1.5 × 10–4 m/s) are both
constant. Thus, for constant Ω and vz, the
total heat input Q due to both tool rota-
tion and plunge in FSSW is as follows:

The first integral on the right-hand side
of Equation 3 is the area under the curve
of torque vs. time. This area is highest with

6061 Al, slightly (about 10%) lower with
2219 Al, and much lower (about 50%)
with AZ91 Mg. Likewise, the second inte-
gral on the right-hand side of Equation 3
is the area under the curve of axial force
Fz vs. time t. This area is lowest with 6061
Al, significantly (about 30%) higher with
2219 Al, and even higher (45%) with
AZ91 Mg. The heat input QF due to tool
plunge tends to be much smaller than the
heat input QΩ due to tool rotation. Table
2 lists the heat inputs during the FSSW of
the three different materials, the total
heat input Q is highest with 6061 Al
(67,547 Joules), slightly lower with 2219 Al
(61,107 Joules), and much lower with
AZ91E Mg (32,336 Joules).

Thus, the increasing extent of liquation
in the order of 6061 Al, 2219 Al, and
AZ91E Mg (Fig. 3) could not have been
caused by an increasing heat input in the
same order.

Explanation for Liquation Tendency in FSSW

The fact that the increasing liquation
tendency in the order of 6061 Al, 2219 Al,
and AZ91E Mg cannot be explained by the
heat input suggests that the tendency is re-
lated to the alloys themselves. As men-
tioned previously, Yang et al. (Ref. 10) ex-
plained the tendency of an alloy to liquate
in FSSW based on the phase diagram and
the curve of temperature vs. fraction solid
(T-fS) during solidification. The phase dia-
gram and the T-fS curve together can help
identify the liquation-causing constituent
in the alloy, for instance, an intermetallic
compound in a wrought alloy or a eutectic
in an as-cast alloy. In some cases, they can
also help estimate the amount of the liqua-
tion-causing constituent. In any case, the
more abundant the liquation-causing 
constituent and the lower the liquation
temperature, the greater the liquation
tendency tends to be.

Figure 5 shows the T-fS curves of 6061
Al, 2219 Al, and AZ91E Mg. They were
calculated based on the Scheil model
using the multicomponent solidification
software Pandat (Ref. 21) and the data
base PanAluminum (Ref. 22). The T-fS
curve for AZ91E Mg was calculated by

Ohno et al. (Ref. 23) also using Pandat. As
shown by its T-fS curve, 6061 Al does not
have much liquation-causing constituent
present even in the as-cast condition. Even
less or none is left after the T6 heat treating.

The Al-Cu phase diagram (Ref. 24) in
Fig. 6 shows that 2219 Al, which is essen-
tially an Al-6.5Cu binary alloy, consists of
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Fig. 5 — Curves of temperature (T) vs. fraction
solid (fS) for 6061 Al, 2219 Al, and AZ91E Mg al-
loys during solidification. Curves calculated based
on Scheil model of multicomponent alloys using
Pandat of CompuTherm LLC (Ref. 21). Curve for
AZ91 Mg taken from Ohno et al. (Ref. 23).

Fig. 6 — Aluminum-rich side of Al-Cu phase di-
agram (Ref. 24).

Table 2 — Heat inputs in FSSW 

Heat Input Heat Input Total Heat Area Area
from Rotation from Plunging Input Q (J) ∫ Mz dt ∫ Fz dt

QΩ (J) QF (J) (Nm s) (kN s)

6061 Al 67512 35 67547 644.7 232.9
2219 Al 61062 45 61107 583.1 298.2
AZ91E Mg 32285 51 32336 308.3 338.3
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an Al-rich matrix α and θ (Al2Cu) parti-
cles in it. Plenty of θ particles are always
present in 2219 Al because the 6.5 wt-%
Cu content of 2219 Al is beyond the 5.65
wt-% Cu solubility limit of the Al-rich, α
phase. The composition of the θ particles
is about Al-53.5Cu (by wt-%). The eutec-
tic temperature TE is 548°C. Upon heating
to TE during welding, liquation occurs by
the eutectic reaction α + θ → L. Liquation
occurs at TE regardless of the heating rate
during welding. Obviously, this is not the
“constitutional liquation” mechanism
proposed by Pepe and Savage (Refs. 25,

26), which requires fast heating during
welding in order to allow θ particles to re-
main until TE is reached to cause liqua-
tion. Upon cooling, the eutectic liquid L
solidifies into either a normal composite-
like eutectic (α + θ) or a divorced eutec-
tic, that is, θ particles surrounded by α
grown from the α matrix.

As-cast 2219 Al, as shown by its T-fS
curve in Fig. 5, has about 12% eutectic to
cause liquation, much more than 6061 Al.
Based on Al-6.5Cu as a composition ap-
proximation and the binary Al-Cu phase
diagram (Fig. 6), 2219 Al cannot be heat
treated after casting to an Al-rich phase (α
phase) without θ (Al2Cu) particles be-
cause its Cu content is beyond the solute
solubility of 5.65% dictated by the phase
diagram. That is, the liquation-causing
constituent θ (Al2Cu) cannot be dissolved
away by heat treating. Thus, 2219-T851 Al
can be expected to have a greater ten-
dency to liquate than 6061-T6 Al, as has
been observed in arc welding (Ref. 12). As
mentioned previously, after each welding
experiment of 2219-T851 Al, the material
stuck to the tool because of liquation was
cleaned off by plunging the tool into a sep-
arate piece of 6061-T6 Al. No sticking of
6061-T6 to the tool was observed in the
present study.

According to its T-fS curve shown in
Fig. 5, the as-cast AZ91E Mg has a rather

high fraction of eutectic of about 15% and
a very low eutectic temperature of 432°C,
which is 115°C lower than the eutectic
temperature of 2219 Al 547°C. This clearly
suggests that as-cast AZ91E Mg should
have a significantly greater tendency to li-
quate than 2219-T851 Al. The mirror-like
weld surface with circular grooves (Fig.
3C) and the severe liquation and cracking
in the stir zone (Ref. 10) all confirm the
high liquation tendency of AZ91E Mg.

Liquation in 2219 Al

Evidence of liquation was observed, in-
cluding a liquated layer at the weld top
surface and cracks in the stir zone near the
keyhole. Figure 7 is the 2219-T851 Al weld
mentioned previously in Figs. 3B and 4B.
Figure 7A shows the vertical cross section
of the weld. The top surface of the weld is
lower on the left-hand side than the right-
hand side. That is, the layer of liquated
material on the left-hand side in contact
with the tool shoulder during welding was
removed by the tool.

The stir-zone microstructure in Fig. 7B
shows cracks roughly parallel to the verti-
cal wall of the keyhole. The light-etching
band at the mid-height of the micrograph
in Fig. 7C is a layer of eutectic. It is likely
that there was a higher concentration of θ
(Al2Cu) particles here, and they reacted
with the surrounding α matrix to form liq-
uid eutectic. Upon cooling, the liquid eu-
tectic solidified into solid eutectic. A hor-
izontal series of small holes exists at the
bottom of the eutectic layer, indicating the
interface between the liquated layer on
the top and the stir zone below it. Further
to the right and beyond the micrograph in
Fig. 7C, the holes are connected to each
other into a continuous gap. The base-
metal microstructure far away from the
keyhole is shown by the SEM image in Fig.
7D. EDS showed that the particles are Cu
rich, suggesting they are the θ (Al2Cu)
particles typically found in 2219 Al.

Effect of Tool Rotation Speed on Material
Removal

The amount of material stuck to and
removed by the tool (when the tool was
withdrawn at the end of FSSW) increased
with increasing tool rotation speed be-
cause more friction heat is generated by
faster tool rotation to fuel liquation. Fig-
ure 8 shows welds made with the HAAS
milling machine at different rotation
speeds, with a nearly constant tool pene-
tration of 6.5 to 6.8 mm from the pin tip to
the workpiece surface. A gap existed be-
tween the tool and the surface of each
weld. The area of the gap represented the
amount of material removed by the tool.

As the rotation speed increased, the re-

Fig. 7 — Liquation in 2219 Al. A — Vertical cross
section; B — cracks near keyhole; C — SEM
image showing eutectic in liquated layer; D —
SEM image showing base-metal microstructure.
1000 rev/min rotation speed.

Fig. 8 — Increasing removal of liquated material
from 2219 Al by tool with increasing tool rotation
speed. A — 1500 rev/min; B — 2000 rev/min; C
— 3000 rev/min. The area of gap between tool
and weld represents material removed.
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moval of material extended downward
from near the shoulder to around the pin
and made the resultant keyhole more like
a truncated cone. However, the material
in contact with the outer edge of the shoul-
der did not stick to and leave with the tool
when the tool was withdrawn at the end of
welding.

The material removed from around the
pin can reduce the joint strength of the re-
sultant weld. As shown in Fig. 9, when the
material around the pin is removed, the
thickness of the bonding area is reduced.
If the thickness reduced is significant as
compared to the thickness of the bonding
area, the strength of the resultant weld can
decrease significantly. Thus, for a work-
piece that needs a high rotation speed to
plasticize the material around the pin to
achieve bonding, it is desirable to check if
it also has a strong tendency to liquate
upon heating.

Mirror-Like Weld Surface

The weld from which a significant
amount of material was removed by the
tool tended to have a mirror-like surface.
Figure 10A shows the vertical cross sec-

tion of the weld made with the HAAS
milling machine at 3000 rev/min (Fig. 8C).
The weld surface was mirror like as shown
in Fig. 10B. The mirror-like weld surface
suggests the following: 1) During welding
a thin liquid film was present at the inter-
face between the material removed by the
tool and the material left behind as the
weld, and 2) the film promoted easy re-
moval of the liquated material by the tool.

Cracks and Eutectic Films in Stir Zone

Cracks were found in the stir zone of

the weld with a mirror-like surface. As
shown by the optical micrographs in Fig.
10C and D, both smooth and zigzagged
cracks were present in the stir zone, but
the former is closer to the weld surface.
Both cracks are intergranular. Zigzagged
cracking is typical of liquation cracking in
arc welds. The micrographs were taken
with the sample only lightly etched in
order to help bring out the cracks and θ
(Al2Cu) particles (which appeared as dark
dots) more clearly. This is why the micro-
graphs do not show the grain structure
very clearly. However, the grain structure

Fig. 9 — Liquated material stuck to and removed
by tool at end of FSSW. A — From near shoulder;
B — from near shoulder and pin — bonding 
reduced.

Fig. 10 — Microstructure below a mirror-like weld surface. A — Vertical cross section; B — mirror-
like weld surface; C and D — cracks and eutectic films in stir zone; E — SEM image of eutectic film.
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has already been shown in Fig. 10A, where
the coarse elongated grains in the base
metal are clearly visible but the grains in
the stir zone are too fine to see.

Examination of the same weld sample
at higher magnifications revealed a num-
ber of eutectic films scattered in the stir

zone. These eutectic films are shown as
dashed lines in Fig. 10C and D because
they are too thin to be visible at the mag-
nification level of the optical micrographs.
As shown, the smooth cracks were con-
nected to eutectic films. This clearly indi-
cates that the smooth cracks were in fact

eutectic liquid films before cracking oc-
curred. Cracks along eutectic liquid films
suggest cracking induced by liquation dur-
ing FSSW.

Figure 10E is a SEM image showing a
eutectic film in Fig. 10D, with the com-
posite-like eutectic structure enlarged in
the inset. As shown, the eutectic film is
very thin, only on the order of 1 μm, and it
is essentially smooth instead of highly
zigzagged. Because the liquid films were
very thin in the first place, little eutectic
could be observed along the open cracks.
Thus, the liquid-film formation is difficult
to confirm if there are only open cracks in
the weld and no eutectic films. Alloys that
form a significant amount of eutectic upon
liquation provide a better chance for liq-
uid films to be found in the resultant weld.
AZ91 Mg, 2024 Al, 2219 Al, and 7075 Al
are examples of such alloys. However,
only 2219 Al is a binary alloy (essentially
Al-6.5Cu) and was thus selected for the
present study. Furthermore, the Cu con-
tent of Alloy 2219 (6.5 wt-% Cu) is beyond
the maximum solid solubility of Cu in the
Al-rich matrix α (5.65 wt-% Cu). Conse-
quently, not all the eutectic produced by li-
quation can be dissolved in the matrix α
even if the peak temperature there during
FSSW exceeds the eutectic temperature.

Perhaps, one possible mechanism for
cracking to occur well within the stir zone
and near its surface, such as that shown in
Fig. 10C and D, is cracking of a semisolid
in the two-phase (α + L) region of the
phase diagram. This mechanism differs
from the liquid-penetration-induced
(LPI) cracking mechanism proposed by
Yamamoto et al. (Ref. 6), which explains
cracking in the stir zone near its boundary
with the base metal. It is likely that the eu-
tectic temperature TE was exceeded
slightly in the stir zone near the weld sur-
face, where θ (Al2Cu) particles (dark dots
in Fig. 10C and D) disappeared and eu-
tectic films and smooth cracks existed. In
other words, the material here might have
already entered the two-phase region of
(α+ L) in the phase diagram shown in Fig.
6, causing the θ (Al2Cu) particles to dis-
appear and a semisolid to form. Under the
torque of the rotating tool, the semisolid
can crack smoothly near the weld surface
where the temperature and hence the
fraction of liquid are higher. Upon cool-
ing, the liquid along the crack can solidify
and become eutectic at the eutectic tem-
perature. Farther away from the weld sur-
face where the temperature and hence the
fraction of liquid are lower, the semisolid
can crack intergranularly (in a zigzagged
fashion).

Eutectic Film under Liquated Material

A eutectic film was found between the

Fig. 11 — Microstructure near a mirror-like weld surface. A — Mirror-like weld surface with some
residue on it; B — SEM image showing the vertical cross section of the weld surface and the residue
on it; C — SEM image showing eutectic in film and residue; D — SEM image showing cracks.
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mirror-like weld surface and the residue
left on it by the material removed by the
tool. Figure 11A is the same weld surface
shown previously in Fig. 10B. This weld
surface is mirror like not only on the top
but also in the keyhole. The islands (light
color) were the residue left on the weld
surface by the material removed by the
tool. Figure 11B is a SEM image of the
vertical cross section of the weld showing
the weld surface and a piece of the residue
left on it, which can also be seen in Fig.
10D. The enlarged SEM image in Fig. 11C
shows that the residue is rich in eutectic,
about 26% as determined by the image an-
alyzer software ImageJ V1.37 (Ref. 28).
More importantly, a eutectic film is visible
at the interface between the weld surface
and the residue. The eutectic film and the
material along the grain boundaries in the
residue are composite-like eutectic (α +

θ). Figure 11D shows both the composite-
like eutectic (α + θ) and cracks along
grain boundaries, and thus clear evidence
of cracking in the stir zone.

The microstructural change from the
residue to the weld was abrupt in terms of
the grain structure and the eutectic con-
tent. There was no evidence of epitaxial
growth of grains across the interface. The
abrupt microstructural change from the
residue to the weld across their interface
and the nearly flat weld surface together
suggest that during welding, the material
stuck to and subsequently removed by the
tool was perhaps rotating against the sta-
tionary material that stayed as the resul-
tant weld — with a eutectic liquid film at
the interface.

The presence of a eutectic film be-
tween the weld surface and the residue on
it (Fig. 11C) suggests that during welding,
a liquid eutectic film was present between
the material stuck to and later removed by
the tool and the material that stayed be-
hind as the resultant weld. However, it is
unclear how the eutectic liquid film
formed. Perhaps, the material stuck to the
tool was rotating and the rotating front
was advancing as the tool penetrated

deeper into the workpiece. This rotating
and advancing front might have gradually
collected the eutectic liquid ahead of it
into a eutectic liquid film. The eutectic liq-
uid can include the eutectic produced near
the tool shoulder and the eutectic formed
by θ particles.

As can be seen in Fig. 11B, both above
and below the residue, a eutectic film is no
longer visible on the weld surface. Had the
vertical cross section of the weld surface
missed the residue, the eutectic film would
not have been observed. This explains why
the liquid-film formation on a mirror-like
surface has been difficult to confirm.

Transmission of Forces from Tool through
Liquid Film

The liquated stir zone can still be sub-
jected to both the tool torque during weld-
ing and the tool withdrawal force at the end
of welding even when a eutectic liquid film
is present at the interface between the ma-
terial removed by the tool and the material
that stays behind as the resultant weld. This
is because the eutectic film is very thin and
thus can effectively transmit the tool torque
and lifting force. According to fluid me-

Fig. 12 — Mirror-like fracture surface. A —
Overview; B — SEM image showing tool-shoulder
tracks on weld surface; C — SEM image showing
smoothness of mirror-like fracture surface.

Fig. 13 — High concentration of eutectic particles suggesting presence of eutectic liquid film caused
fracture. A — Vertical weld cross section of weld in Fig. 12; B — broken piece on fracture surface; 
C — string of eutectic particles at location corresponding to fracture surface in B; D — SEM image of
eutectic particles in the string; E — SEM image of θ particles far away from weld.
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chanics, the thinner the liquid between a
rotating surface and a stationary one, the
higher the shear stress under the same
torque becomes (Ref. 29). Also, according
to the hot tearing theory, the thinner a liq-
uid film is between two solid surfaces, the
greater a normal force it can transmit to
separate them (Ref. 30). Thus, the pres-
ence of a eutectic liquid film at the interface

during welding does not contradict the
presence of cracks in the weld.

Mirror-Like Fracture Surface

A mirror-like fracture surface was ob-
served in welds that fractured during weld-
ing. Figure 12A shows a weld made with
the Lagun machine at 2000 rev/min. The
SEM image in Fig. 12B shows that the top
surface of the weld away from the fracture
surface contained numerous microcracks
along the circular tracks left by the rotat-
ing tool shoulder. On the contrary, the
SEM image in Fig. 12C shows that the
fracture surface appeared microscopically
smooth. This explains why the fracture
surface looked mirror like.

The mirror-like fracture surface sug-
gests that the presence of a liquid film that
was not continuous all (360 deg) around
the tool during welding had caused frac-
ture upon tool withdrawal. Where the liq-
uid film was discontinuous or not fully de-
veloped, the material in contact with the
tool was still bonded to the material un-
derneath. Thus, only the material in con-
tact with both the tool and the continuous
portion of the liquid film broke off. Since
the tool was still rotating at the full speed,
the material broken off dragged along the
surface of the remaining material and left
marks on it, as can be seen in Fig. 12A.

High Concentrations of Eutectic Particles

The microstructure of the weld shown
in Fig. 12A was examined by both optical
and scanning electron microscopy. Refer-
ring to Fig. 12A, the weld was cut from
about the 8 o’clock position (in order to in-
clude part of the mirror-like fracture sur-
face and part of the broken top surface)
through the axis to about the 2 o’clock po-
sition. Figure 13A is the resultant vertical
cross section of the weld. Figure 13B
shows a piece of broken top surface on the
fracture surface.

A high concentration of eutectic parti-
cles was observed under the weld surface
at a location corresponding to the location
of the fracture surface. Figure 13C shows
a string of particles below the top surface
on the right along a curved path corre-
sponding to the fracture surface on the left
— Fig. 13B. The area where much more
particles accumulated than elsewhere
along the string is enlarged in the SEM
image in Fig. 13D. These particles are sim-
ilar to the θ (Al2Cu) particles in the work-
piece, though smaller. The SEM image in
Fig. 13E shows the θ (Al2Cu) particles in
the workpiece in an area far away from the
weld. EDS showed that both the particles
along the string and the θ (Al2Cu) parti-
cles in the workpiece had a composition of
about Al-57Cu (by wt-%), which is close to

the Al-53.5Cu composition of the θ phase
according to the phase diagram — Fig. 6.

The high concentration of eutectic par-
ticles in Fig. 13C suggests the presence of
a thin eutectic liquid film along the parti-
cles during welding. The location of these
eutectic particles corresponds to that of
the mirror-like fracture surface. These
particles, as shown in Fig. 13D, are θ
(Al2Cu) particles. They are divorced eu-
tectic that formed when the eutectic liquid
film solidified. In Alloy 2219, liquid eutec-
tic can solidify as a composite-like eutec-
tic (θ + α). However, it can also solidify as
a divorced eutectic, that is, it solidifies
from upon the adjacent α matrix and re-
sults in a eutectic structure of θ sur-
rounded by α. This is especially common
when the liquid eutectic is small in size.
Huang and Kou (Ref. 17) have observed
divorced eutectic in the partially melted
zone of gas metal arc welds of Alloy 2219,
where liquation occurred during welding.

As a piece of background information,
in the production of Alloy 2219, the com-
posite-like eutectic (θ + α) formed during
ingot casting became coarse θ (Al2Cu)
particles during heat treating, and during
subsequent rolling they were broken up
into smaller particles more or less lined up
along the rolling direction, which is from
left to right in Fig. 13E. As mentioned pre-
viously, the number and size of θ particles
vary from place to place. In fact, there are
more large θ particles in the area shown in
Fig. 13E than the average.

Strings of eutectic particles were also
observed near the weld surface at the
outer edge of the shoulder. Figure 14A
shows the vertical cross section of a weld
made with the HAAS milling machine.
The spot weld was made between two
pieces of Alloy 2219 at 3000 rev/min.
Much material was removed from the
weld by the tool. Figure 14B and C show
strings of divorced eutectic, that is, the θ
particles, at the outer edge of the tool
shoulder. These particles suggest that eu-
tectic liquid films formed during FSSW.
The films formed because of liquation in-
duced by the friction heat generated at the
shoulder edge during welding.

The formation of eutectic liquid films
near the outer edge of the tool shoulder is
likely to continue with the penetration of
the shoulder into the workpiece during
FSSW because, as shown in Figs. 8 and
14A, the outer edge of the shoulder is al-
ways in contact with the fresh material in
the workpiece (instead of the liquated ma-
terial that is subsequently removed). Per-
haps these eutectic liquid films can con-
tribute significantly to the formation of
the liquid eutectic film at the interface be-
tween the material removed by the tool
and the material that stays behind as the
resultant weld.

Fig. 14 — High concentrations of eutectic parti-
cles at outer edge of tool shoulder suggesting for-
mation of liquid films at the tool edge during
FSSW. A — Vertical cross section; B — optical
micrograph and SEM image showing string of eu-
tectic particles; C — similar to B.
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Conclusions

The conclusions regarding the liqua-
tion tendency and the liquid-film forma-
tion in FSSW are as follows:

1. The augmented-torque testing pro-
posed recently by the authors can be used
to assess the liquation tendency in FSSW.
For instance, under the same FSSW
schedule, the liquation tendency increases
in the order of 6061-T6 Al, 2219-T851 Al,
and as-cast AZ91E Mg.

2. Under the same FSSW schedule, the
torque and hence the heat input decrease
in the order of 6061-T6 Al, 2219-T851 Al,
and as-cast AZ91E Mg. This suggests that
the increasing liquation tendency in the
same order is not caused by the heat input
but by the alloys themselves.

3. Liquation can limit the maximum
torque to be reached in FSSW and cause
the torque to fluctuate during FSSW.
Under the same FSSW schedule, the max-
imum torque decreases in the order of
6061-T6 Al, 2219-T851 Al, and as-cast
AZ91E Mg.

4. The method proposed recently by
the authors based on both the phase dia-
gram and the T-fS curve can be used to ex-
plain the liquation tendency of an alloy.
For instance, the content of the liquation-
inducing constituent increases and the li-
quation temperature decreases in the
order of 6061-T6 Al, 2219-T851 Al, and as-
cast AZ91E Mg according to the Al-Cu
phase diagram and the T-fS curves of the
alloys. This explains the increasing liqua-
tion tendency in the same order.

5. The extent of material removal by
the tool in FSSW of 2219-T851 Al in-
creases with increasing tool rotation
speed. As the rotation speed increases, the
material removal extends from under the
shoulder to around the pin, which can re-
duce the joint strength significantly by re-
ducing the bonding area.

6. The evidence of liquid-film forma-
tion observed in 2219-T851 Al in FSSW in-
cludes: 1) A thin eutectic film at the inter-
face between the weld and the residue left
on the weld surface by the material re-
moved by the tool, 2) thin smooth eutectic
films in the stir zone, 3) a mirror-like weld
surface or fracture surface, and 4) a high
concentration of eutectic particles in the
stir zone at a location corresponding to the
fracture surface.

7. Liquation during FSSW of 2219-
T851 Al can cause material removal by the
tool, erosion, or fracture at the weld sur-
face, and cracking in the stir zone, either
along smooth eutectic films or zigzagged
grain boundaries.
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ABSTRACT. The light from the welding
arc can be seen as a signal carrying essen-
tial information about the welding
process, and it has been exploited in the
monitoring of the welding process. This
paper analyzes the radiation of gas metal
arc welding (GMAW) by mathematically
modeling both single and multiple wave-
lengths. To this end, the methodology used
to calculate the spectrophotometer spec-
tral response is presented. The range of
the tested wavelengths has been limited to
visible radiation of the welding arc in the
range of 480–700 nm. The conditions of
arc burning were modified by changing the
welding parameters. During experiments,
the welding current changed in the range
of 104–235 A. The spectrum of the radia-
tion of the welding arc has been analyzed.
The distribution of the electric arc light
emission has also been examined. To char-
acterize the single emission line, central
wavelength, intensity, and full width at
half maximum (FWHM), are needed. To
this end, a mathematical model has to be
used to approximate the real shape for a
single wavelength with sufficient accuracy.
Three fitting functions — Lorentz, Gauss,
and Voight — were investigated as the
methods to model the spectrum distribu-
tion. The fitting for both single and multi-
ple wavelengths has been carried out
mathematically and the best result was
achieved with the Lorentz function. 

Introduction 

Gas metal arc welding (GMAW) is the
most widely used process in robotic weld-
ing for mass production of welded compo-
nents. It employs a continuous, consum-
able, solid wire electrode and an externally
supplied shielding gas. The consumable
wire electrode produces an arc with the
workpiece and provides filler to the weld

joint. The wire is fed to the arc by an au-
tomatic wire feeder, in which both push
and pull modes have been employed, de-
pending on the wire composition, diame-
ter, and welding application (Ref. 1). 

One of the major goals of process mon-
itoring in welding is to ensure that the re-
quired welding parameters are being ap-
plied to make quality welds. If abnormal
welding parameters are detected, the re-
sultant segment of welds may be examined
using more precise methods (Refs. 2–6).
This would help reduce the need for
strict/expensive process controls and re-
duce extensive use of costly postnonde-
structive examination (NDE) for all welds.
To realize this goal, the monitoring devices
are required to be fully automatic and the
data analysis of sensed signals including
welding parameters and the signal gener-
ated from the welding arc need to be opti-
mized. In addition, the monitoring devices
must also incorporate the criteria so that
they can judge if the welds are acceptable
or need additional examinations/repairs
(Ref. 7).

Monitoring of welding processes can
be divided into traditional and nontradi-
tional methods (Ref. 8). The traditional
methods are based on monitoring of elec-
trical and other direct welding parameters
(Refs. 9–12). The nontraditional ones use
many different signals; for example, X-ray
radiation (Ref. 13), infrared (IR) and ul-
traviolet (UV) emission (Ref. 14), ultra-
sonic wave (Ref. 15), acoustic emission
(Ref. 16), and sound (Refs. 17, 18) to ana-
lyze and detect the process. 

Traditional methods have been effec-

tively used in welding process monitoring
and control with success. For example,
measurements of welding current and arc
voltage can be used to estimate the stabil-
ity of welding processes, especially with
advanced methods of signal analysis and
AI methods (Refs. 19–22). The so-called
“through the arc sensing,” which is based
on measurement and analysis of welding
current and arc voltage, is a widely used
traditional method that has been accepted
as one of the effective methods for weld
joint tracking. The synergic control of
GMAW machines (Ref. 23) is also based
on measurements of current and arc volt-
age. One interesting case where online
control of weld quality is based on the
characteristics of welding arc signal is nar-
row groove GMAW with electromagnetic
arc oscillation (Ref. 24). The relatively
complex plasma arc welding process also
can be monitored by using the electrical
signal from the pilot arc (Ref. 25). In ad-
dition, traditional methods are also useful
in the welding process in the form of sur-
face impurities and insufficient shielding
in GMAW (Ref. 12). 

While the traditional methods have the
advantage of being low cost and have
achieved many successes as mentioned
previously, many issues may require use of
more signals than the welding current, arc
voltage, and other direct welding parame-
ters. For example, monitoring and control
of weld penetration are important issues
in welding (Ref. 26) that may require use
of nontraditional methods. Real-time vi-
sion systems take the lead in the nontradi-
tional monitoring methods especially for
robotic welding applications (Ref. 27).
The charge-coupled device (CCD) video
cameras that can be used with fast algo-
rithms can give us in-real-time estimates
of stability of the process and quality of
welds, for example, depth of penetration
(Ref. 28). However, the investment for
nontraditional methods is typically high.
Cost-effective nontraditional methods
such as arc light radiation monitoring,

Modeling and Analysis of the 
Arc Light Spectrum in GMAW

The radiation produced during gas metal arc welding (GMAW) was analyzed 
by mathematically modeling both single and multiple wavelengths
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which can measure and analyze the inten-
sity of the whole range of the arc light
spectrum or intensity of a single emission
line (Refs. 29–37), are thus desired.

The arc light occurs in all arc welding
methods. In most cases it is visible and can
create a hazard for welders’ eyes (Refs.
38–40), but it is also one of the signals
emitted in the course of welding and can
be utilized as a carrier of information
about the welding process.

Following are some of the sources of
visible radiation in the welding arc: the arc
column, the regions close to the elec-
trodes, liquid metal transported across the
welding arc, the molten pool, the heated
region of base material around the molten
pool, and heated end of the electrode
wire. Hot slag may also be a source of ra-
diation. The range of length of the emit-
ted light waves and their spectral compo-
sition depend on the welding parameters,
the atmosphere in which the arc glows,
and the kind of base and consumable ma-
terial, as well as on several other parame-
ters. The intensity of radiation produced
by the welding arc is a function of the
welding process itself and of the welding
variables (Refs. 39–40). 

Measurements and the analysis of the
arc light emission are used in investiga-
tions of the welding process (Refs. 29–37).
During the investigations, the following
characteristics were specified: tempera-
ture distribution in the arc, temperature of
the drops of liquid metal, amount of hy-
drogen in the gaseous shield of the weld-
ing arc, and temperature of the weld pool.
The investigations were also conducted to
calculate the mean temperature of the
welding arc (Ref. 41). The analysis of the
arc light emission may help to develop the
technique of taking photographs of the
welding arc (Ref. 42). Investigations on
the visible radiation of the GMA method
also help to monitor the way in which the
metal is transferred through the arc (Ref.
33). Optical methods also are applied to
scan the length of the welding arc in the
gas metal arc (Refs. 35, 36) and the gas
tungsten arc methods (Refs. 29–32). This
signal is much more sensitive to the
changes in the welding conditions and
should be used as a tool for monitoring the
GTAW process (Ref. 29). 

This paper describes the acquisition
and analysis of the arc light spectrum and
the correlation of data to the welding pa-
rameters: welding current and arc voltage.
The shape of the spectrum was modeled
with three mathematic functions: Lorentz,
Gauss, and Voight.

Experiment

Figure 1 shows the schematic layout of
the experimental GMAW setup. A 

welding power supply (OZAS
MAGOMIG550) equipped with a ZP-15
OZAS wire feeder was used. The power
supply was operated in constant voltage
mode. The experiments were carried out
on an automated welding table that was
composed of a mechanism of longitudinal
motion, a control system of longitudinal
motion, and a manual mechanism of lat-
eral motion. The torch was fixed on a set
of supports with a horizontal and vertical
adjustment. This allowed accurate setup
of the distance between welding gun and
plate. The torch was fixed and positioned
normal to the plate surface for the bead-
on-plate welds. The plate was fixed to the
table by clamps, and the table was power
driven by feed screw with continuously

controlled travel speed. The filler metal
used was SG2 (equivalent to AWS A5.18-
79: ER70S-6) wire with a diameter of 1.2
mm (0.047 in.). The base metal was mild
steel S255 (EN 10025) of 20 mm (0.78 in.)
thickness. The shielding gas was 82%
argon, 18% CO2 with a flow rate of 16
L/min (0.56 ft3/h). The welding parame-
ters, which were choosen experimentally
to produce well-shaped welds, are shown
in Table 1.

The purpose of the investigation was to
find the influence of welding current on
the light spectrum radiation during
GMAW. Experiments were performed on
clean plates. The bead-on-plate welds pro-
duced are shown in Fig. 2. The welding pa-
rameters are given in Table 2. The macro-

Fig. 1 — Experimental setup with measurement system.

Table 1 — Experimental Conditions Used 

Parameter Welding Conditions
Shielding Gas Argon – 18% CO2
Flow Rate of Shielding Gases (L/min) 16
Welding Current (A) 104, 130, 189, and 235 
Contact Tube-to-Work Distance (mm) 20 
Travel Speed (cm/min) 27, 30, 35, and 40
Electrode Type ER70S-6
Electrode Diameter (mm) 1.2

Table 2 — GMA Welding Parameters

S.N. Welding Current Arc Voltage Welding Speed Heat Input
I (A) (V) (cm/min) (kJ/cm)

I 104 16.5 27 4.8
II 130 18 30 6.5
III 189 21.1 35 11.0
IV 235 25.5 40 16.7
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scopic examination of padding welds is
shown in Fig. 3.

Measurement System

The measuring system consisted of the
welding current and voltage transducers, an
electro-optical converter, a data acquisition
card, and a PC. The beam to be analyzed
was fed into the electro-optical converter by
means of standard fiber optics. The electri-
cal signal corresponds to the visible light in-
tensity. Signals from the welding circuit
were recorded on the PC through the data
acquisition card NI DAQ 6036. 

A spectrophotometer card PCI 2000
ISA-A, which was designed for remote
fiber spectroscopy in the visible spectral

range of 340 to 860 nm, was used in the in-
vestigation. The CCD detector was a line
scan array of 2048 pixels. The specification
of the spectrophotometer card is given in
Table 3.

Before the spectrum analysis of the
welding arc emission can be performed,
the spectral response characteristic of the
spectophotometer card needs to be calcu-
lated. To this end, it was necessary to de-
sign and build a stand to measure light
emission. This stand includes a mono-
chromator SPM2, an ammeter K 485, a
photodiode HAMAMATSU, and a spec-
trophotometric card PCI 2000 ISA-A. For
data acquisition and control of the stand,
LabView software was used. The method-
ology for calculating the spectral response

characteristic of the spectrophotometer
card is shown in Fig. 4, where

Imon is the intensity of light from the
monochromator (photon/(m2s)),

Iphotodiode is the intensity measure by
photodiode (photon/(m2s)),

Sphotodiode is the spectral response of
the photodiode (a.u.),

SCCD is the spectral response of the
spectrophotometer (a.u.),

ICCD is the intensity measure by spec-
trophotometer (a.u.).

The influence of the spectral response of
the spectrophotometer card on the results
of the measurement of the spectrum of the
welding arc light emission is demonstrated
in Fig. 5. The measurements were carried
out with a welding current of I = 130 A, arc
voltage of U=18 V, and Ar-CO2 as the
shielding gas. In Fig. 5, one can easily see
that the spectral response of the spec-
trophotometer card does affect the mea-
surement of the arc light spectrum signifi-
cantly. The shape of the measured spectrum
of the welding arc substantially changed
after calculation of the original date with
spectrophotometer characteristic.

Results and Discussion

The purpose of this study was to find
the influence of the welding current on the
light emission during GMAW. To that end,
beads on plate were made on mild steel.
The entire arc column was analyzed as a
single object. Figure 6 shows the arc spec-
trum obtained in the range of 480–700 nm
at the welding current in the range of
104–235 A and 82% Ar-18% CO2 as the
shielding gas. The graph is presented in a
logarithmic scale.

In the previous studies, line spectra
were considered as a line without width
and distribution. To more accurately de-
scribe spectra lines, the author proposes
to consider them as distributions that have
a center wavelength and wavelength
width. To this end, three functions —
Gaussian, Lorentz, and Voight — were
considered and the least square method
and Levenberg-Marquardt algorithm

Fig. 2 — GMAW beads made in Ar + CO2 shielding gas with the different
welding parameters shown in Table 2.

Fig. 3 — Macroscopic examination of padding welds. The welding parameters
are presented in Table 1.

Table 3 — Data of Spectrophotometer Card

Detector 2048-element linear silicon CCD array
CCD Elements 2048 elements - 14 μm × 200 μm per element
Well Depth (600 nm) 160,000 photons
Sensitivity (estimated) 86 photons/count

2.9 × 10-17 joule/count
2.9 × 10-17 watts/count (for 1-s integration)

Detector Range 200–1100 nm
Useable Range 200–850 nm
Integration Time 3 ms to 60 s (with 1 MHz A/D converter)

Fig. 4 — Methodology to calculate spectral response characteristic of spectrophotometer.

etching: Adler mag. ×1
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were used to identify the model parame-
ters. Fitting can and has been carried out
simultaneously also for multi-emission
lines. All results were compared with the
measurements.

For the Gaussian function, the profile
of the single wavelength can be expressed
as

where A = amplitude, w = width, xc =
center of the wavelength. 

The width of the wavelength is calcu-
lated as

The characteristic parameters of the
Gaussian function are shown in Fig. 7. The
initial conditions used for calculation were
offset y0 = 0, center xc = 0, width wl = 1,
and amplitude A = 10.

For the Lorentz function, the profile is
described by

Figure 8 shows the characteristic qual-
ities of the Lorentz function.

The maximum value for the center of
the wavelength can be expressed as 

The initial conditions used for calcula-
tion were offset y0 = 0; center xc = 5; width
wl = 2; and amplitude A=1.

Finally, for the Voight function the fol-
lowing function was used:

where wL is Lorentz width of emission line
and wG is Gaussian width of emission line.
Figure 9 shows the characteristic parame-
ters of the Voight function.

The line profiles of the wavelength
586.27 nm fitted using three different
functions are compared with measure-
ments as shown in Fig. 10 and for the 
multi-emission lines in Fig. 11. Table 4
gives the fitting results for all single lines
in the range of 480 to 700 nm for welding
current I = 130 A, arc voltage U = 18.0 V,
and Ar + CO2 shielding gas. The assigned
in principle were carried out based on the
National Institute of Standards and Tech-
nolgy database (Refs. 43–45).

As can be seen, the Lorentz function
provides better fitting for the single line.
Hence the Lorentz function was chosen
for subsequent calculations. 

The spectrum of the GMAW arc is
composed of a continuous background
spectrum that follows the blackbody radi-
ation law with discrete lines superimposed
on it. The shape of the discrete lines is
modified by two major causes, namely col-
lision line broadening and Doppler broad-
ening (Ref. 46). Collision broadening is
caused by the relatively high pressure 
(~ 1 bar) of the arc plasma. This pressure
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Fig. 5 — Influence of spectral response of spectrophotometer on results of
measurement of spectrum arc light emission. I = 130 A, U = 18.0 V, 
Ar + CO2.

Fig. 6 — Effect of the welding current on the arc light spectrum. The weld-
ing current in the range of 104–235 A, Ar + CO2 as the shielding gas, wave-
length in the range of 480–700 nm. Logarithmic scale.

Fig. 7 — Characteristic qualities for the Gaussian function. Fig. 8 — Characteristic parameters for the Lorentz function.
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increases proportionally the probability of
collisions among atoms and decreases the
time that the atom remains in an excited
state. It thus broadens the line width, be-
cause this is the quantum mechanical ana-
log of damping to a classical oscillator.
The Doppler broadening is caused by the
very high temperature of the order of tens
of thousands of degrees Kelvin of the arc

plasma. This very high temperature in-
creases proportionally the average speed
of the atoms and, therefore, the Doppler
shifts of the line either by molecules that
move toward or away from the spec-
trophotometer is considerable (Ref. 46).    

In the recorded spectrum of the weld-
ing arc light emission, separation of the
iron and manganium atomic lines is possi-

ble (Table 4). The correlation between the
intensity of the visible arc radiation and
welding current is obtained. An increase
in the welding current results in the inten-
sity increase of the selected spectral line of
the GMAW arc radiation — Fig. 6. Three
fitting functions — Lorentz, Gauss, and
Voight — were investigated as the meth-
ods to simulate the spectrum distribution.

Table 4 — Results of Fitting Single Emission Line and Assigned the Elements to Wavelengths
Fitting

Real Intensity Elements to
Width

No. Wavelength (1016 Lorentz Gauss Voight Wavelength
(nm)

(nm) photon/m2s) (Refs. 43–45)

1 478.22 3.30 478.12±0.06 1.93±0.26 478.10±6.03 478.29±0.61 Mn I
2 479.90 4.32 479.97±0.03 1.25±0.10 480.35±7.42 479.69±159.60 Fe XVI
3 482.57 5.39 482.65±0.03 1.36±0.21 482.56±2.11 482.42±3.97 Mn I
4 486.25 6.06 486.22±0.02 1.22±0.10 486.25±0.44 486.18±0.47 Fe V
5 488.59 3.16 488.60±0.08 1.25±0.30 488.81±23.65 488.78±6.68 Fe I
6 490.93 3.97 490.93±0.05 1.94±0.27 490.91±6.40 490.87±4.70 Fe I
7 496.92 2.35 496.96±0.02 3.60±1.03 496.89±8.35 496.75±14.77 Fe I
8 500.25 1.94 500.07±0.02 3.24±0.31 500.06±6.52 499.85±12.77 Fe I
9 503.24 3.80 503.27±0.01 2.48±0.13 503.26±0.36 503.26±0.41 Fe XVI
10 505.90 4.26 505.86±0.07 1.33±0.59 505.84±33.49 505.74±14.85 Fe I
11 508.55 3.99 508.50±0.02 1.66±0.25 508.44±9.00 508.51±4.37 Fe I
12 511.87 5.45 511.57±0.07 2.64±0.78 511.62±0.86 511.44±1.78 Mn I
13 515.51 6.17 515.59±0.02 1.54±0.12 515.61±0.16 515.62±0.36 Fe I
14 521.13 5.42 521.12±0.09 1.28±0.48 521.24±1.78 521.12±2.43 Mn XX
15 525.09 6.32 525.60±0.09 6.57±0.63 525.59±0.77 525.59±0.81 Fe I
16 528.39 7.29 528.70±0.05 4.07±0.22 528.79±0.16 528.13±2.88 Fe I
17 532.99 3.84 533.11±0.14 1.96±0.56 532.52±175.40 532.40±168.87 Fe I
18 544.15 4.77 544.00±0.06 1.41±0.25 544.33±13.01 543.92±9.07 Fe IV
19 545.46 4.46 545.68±0.15 2.87±0.45 545.22±6.76 546.37±38376.0 Fe I
20 548.41 4.77 548.22±0.05 1.67±0.31 548.22±2.06 547.91±6.29 Mn XXI
21 552.33 2.67 552.22±0.04 2.05±0.40 552.21±11.67 551.99±33.06 Fe IV
22 557.22 2.35 557.24±0.02 2.62±0.16 557.21±0.47 557.21±0.16 Fe I
23 561.78 2.04 561.90±0.03 2.15±0.26 561.95±2.34 561.91±1.09 Mn XIX
24 563.73 2.00 563.90±0.04 2.09±0.76 563.77±265.54 563.69±690.32 Fe I
25 566.98 1.92 567.12±0.05 2.25±0.61 567.07±2.96 566.97±10.91 Fe XVI
26 571.20 2.34 571.45±0.06 2.84±0.88 571.45±1.99 571.45±2.36 Mn XX
27 574.12 2.40 574.28±0.41 1.61±0.25 574.42±27.06 574.37±13.08 Fe I
28 576.38 2.43 576.31±0.06 1.37±0.29 — — Fe I
29 577.68 2.38 577.89±0.08 2.01±0.36 — — Fe I
30 586.27 12.7 586.26±0.01 1.71±0.09 586.29±0.06 585.99±1.29 Fe XXI
31 590.26 2.41 590.82±0.07 7.21±0.41 590.82±0.22 590.29±7.73 Fe I
32 594.12 2.40 594.15±0.03 1.26±0.33 594.14±76298.79 593.99±118.29 Fe I
33 597.34 3.09 597.26±0.03 1.50±0.19 597.34±3.41 596.99±3.24 Fe I
34 599.90 2.71 599.95±0.05 2.16±0.27 599.90±606.96 599.75±77.93 Fe III
35 602.79 1.33 602.72±0.08 3.48±0.44 — — Fe III
36 606.31 2.64 606.19±0.03 1.28±0.13 — 606.07±12.31 Fe IV
37 608.23 2.69 608.22±0.04 2.15±0.16 608.40±0.67 608.11±119.25 Fe IV
38 613.02 2.62 613.10±0.05 1.99±0.60 613.02±1414.99 612.87±35.56 Fe I
39 617.16 3.13 617.11±0.06 2.10±0.45 617.19±2.63 617.18±2.01 Fe II
40 622.25 4.03 622.95±0.08 6.66±3.58 — — Fe I
41 631.14 4.32 631.19±0.03 1.49±0.23 631.28±16.01 631.19±2.33 Fe I
42 635.88 3.16 635.99±0.04 1.99±0.33 636.00±16.33 635.61±9.93 Fe I
43 638.41 3.16 638.33±0.05 3.34±2.30 638.25±1868.45 638.16±63.88 Fe II
44 640.62 3.41 640.57±0.07 1.47±0.68 640.57±32911.04 640.38±115.27 Fe I
45 648.17 3.50 648.38±0.08 1.10±0.51 648.64±518.41 648.40±29.72 Fe I
46 667.90 4.06 667.87±0.08 1.17±0.41 667.81±81407.41 667.52±396.17 Fe I
47 675.36 4.89 675.57±0.11 1.11±0.50 675.53±7.59 675.24±19.02 Fe I
48 685.28 5.34 685.27±0.27 0.79±0.42 685.31±20472927.80 685.24±166.85 Fe I

Note: Welding parameters: welding current I=130 A, arc voltage U=18 V, Ar + CO2 as a shielding gas.
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A very small difference between real
wavelength and Lorentz model (Table 4)
indicates that the best result can be ob-
tained by the Lorentz function. The Gauss
and Voight functions cannot be used to ap-
propriately simulate the shape of each
wavelength in the GMAW arc.

Conclusions and Future Work 

The spectra of the radiation in the range
of 480–700 nm of the welding arc in
GMAW were analyzed. The following
conclusions can be drawn from the 
investigation:

1. The main source of arc light radia-
tion in GMAW is liquid metal. The major
metallic lines identified were Fe I, Fe II,
Fe III, Fe IV, Fe XVI, Fe XXI, and Mn I,
Mn XIX and Mn XX. The lines from
shielding gases weren’t found. 

2. An increase in the welding current
results in the intensity increase of the se-
lected spectral line of the welding arc ra-
diation in GMAW. 

3. The Lorentz function provided the
best result from the simulation of the spec-
trum distribution of welding arc light radi-
ation in GMAW. Small differences be-
tween real wavelength and the Lorentz
model were observed.

The experience gained during these in-
vestigations allows further research on the
welding arc radiation phenomenon. The
obtained knowledge increases the possi-
bilities of using the signal for online mon-
itoring of the welding process on auto-
mated and robotized stands. The analysis
of the spectrum of the radiation of the
welding arc helps to develop a new vision
sensor for arc welding. 

Further work is planned in the follow-
ing areas:
• Finding the correlation between the in-

tensity of the visible arc radiation and
other welding parameters, and distur-
bances of the welding process,

• Image processing
to compare the
modes of transfer
metal in GMAW
process with arc
light emission,

• Utilizing these
methods for mon-
itoring the laser
welding process
on the robotic
stand,

• Neural network
and fuzzy process 
control.
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Sponsored by the Standards Engineering Society (SES), the theme for this year’s paper
competition, “Intelligent and Sustainable Buildings,” recognizes the critical role of standards
and conformity assessment programs in ensuring safety requirements; facilitating coordination
among contractors, builders, engineers, and architects; and incorporating new technologies in
design and construction. The competition invites papers that use specific examples to show ways
that standards and conformity assessment programs are used for intelligent and sustainable
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All paper contest submissions must be received with an official entry form by midnight
on August 29, 2008, by the SES Executive Director, 13340 SW 96th Avenue, Miami, Florida,
33176. For details on the winners’ recognition, cash awards, judging, and rules, go to www.ses-
standards.org and follow the link for WSD Paper Competition 2008. 
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